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(57) ABSTRACT 

In image processing method and apparatus of the present 
invention, image distortions caused by oblique imaging are 
corrected. A feature point of one of a plurality of partially 
overlapping images corresponding to a common location of 
an original image, shared by the plurality of partially over 
lapping images, is determined. A matched point of one of the 
other partially overlapping imageS corresponding to the 
feature point is determined So that a direction of the object 
plane is calculated based on the feature point and the 
matched point. One of the plurality of partially overlapping 
images is Selected as a Standard image whose image distor 
tions are to be corrected. A distortion-corrected image is 
generated on a projection plane by projecting the Standard 
image onto the projection plane based on the direction of the 
object plane Such that image distortions in the Standard 
image are eliminated. 
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IMAGE PROCESSING METHOD AND APPARATUS 
AND COMPUTER-READABLE STORAGE 
MEDIUM USING IMPROVED DISTORTION 

CORRECTION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of The Invention 
0002 The present invention relates to an image process 
ing method and apparatus and a computer-readable Storage 
medium. More particularly, the present invention relates to 
an image processing method and an image processing appa 
ratus that correct image distortions caused by oblique imag 
ing in which an original image on the object plane is taken 
from an oblique direction. Further, the present invention 
relates to a computer-readable Storage medium that causes a 
computer to perform the image distortion correction pro 
cessing to correct image distortions caused by the oblique 
imaging. 
0003 2. Description of The Related Art 
0004. With a rapid progress in the development of recent 
computer networks, there is an increasing demand for 
quickly acquiring important information in all aspects of 
computer Systems. Attention is being given to portable 
image input devices that can easily and accurately capture an 
image of a document or a photograph and transfer it into the 
Storage of a computer System. AS the practical application, 
an image input device, Such as a digital Still camera, is used 
to capture a document or photographic image by taking the 
original image on the object plane (or the paper). 
0005. However, when the original image on the object 
plane is taken by the image input device from an oblique 
direction with the imaging plane of the image input device 
being not parallel to the object plane, image distortions may 
take place due to the oblique imaging. The readability of the 
captured information will be deteriorated, and it is desired to 
provide means for correcting Such image distortions. Here 
inafter, the image distortions of this kind will be called the 
oblique-type image distortions. 
0006 Several image processing techniques for correcting 
the oblique-type image distortions to increase the readability 
of the captured information are known. First, one major 
approach is that, when capturing an original image of an 
object having an A4 or larger size (Such as a poster), the 
image distortions due to oblique imaging are corrected in 
order to increase the readability of the captured information. 
For this purpose, it is required that the object image to be 
corrected contains a desired region of the object. Namely, it 
is necessary to perform the capturing of the original image 
Such that at least one of a plurality of object imageS which 
are taken by the user from the object contains the desired 
region of the object. It is desirable to provide the user with 
means for Selecting one of the plurality of object images that 
is a Standard image on which the correction of the image 
distortions due to the oblique imaging is based. In addition, 
it is desirable to provide means for notifying the user that the 
Standard image is currently taken as one of the object images 
when capturing the object images. 
0007 Secondly, it is demanded that images of large-size 
objects, Such as a newspaper, having a size larger than A4 
size, be captured with a high resolution by using a portable 
image input device or image processing apparatus. For this 
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purpose, an image processing technique is proposed in 
which a composite image is created with a certain high 
resolution by combining together a plurality of partially 
overlapping imageS which are taken by using an image 
processing apparatus. In cases in which the object is 
assumed to be planar, the image processing technique 
applies geometrical transformation formulas, Such as affine 
transformation or perspective affinity, for the combination of 
a plurality of partially overlapping images So as to create a 
composite image. The technique is Summarized in “Com 
puter Vision-Technological Comments and Future Trends” 
by T. Matsuyama et al., published in June 1998 by New 
Technology Communications Co., Ltd. in Japan. 
0008. The basic concept of the above technique is that the 
respective split images are transformed into partial object 
images on a Standard image Surface, and they are combined 
together based on the Standard image to form a composite 
image. However, there is a problem that if the partial object 
images on the Standard image Surface contain the oblique 
type image distortions, the resulting composite image also 
contains the image distortions. In other words, the magni 
tude of the image distortions in the composite image is 
varied depending on the Standard image which is Selected 
from among the Split images and used to create the com 
posite image from the Split images. The problem of the 
conventional image processing method will now be 
described with reference to FIG. 1. 

0009 AS indicated in FIG. 1(a), it is supposed that the 
object plane PL is imaged from three different directions D1, 
D2 and D3, and the respective split images IM1, IM2 and 
IM3 are obtained. When the split image IM1 is selected as 
the Standard image, a composite image IMA is created from 
the split images based on the Standard image IM1 as 
indicated in FIG. 1(b). In this case, the original image on the 
object plane PL is taken from the left-handed oblique 
direction D1. When the split image IM2 is selected as the 
Standard image, a composite image IMB is created from the 
Split images based on the Standard image IM2 as indicated 
in FIG. 1(c). In this case, the original image on the object 
plane PL is taken from the Substantially front direction D2. 
As shown in FIG. 1(b) and (c), the magnitude of the image 
distortions in the composite image IMA is quite different 
from the magnitude of the image distortions in the compos 
ite image IMB. 
0010 AS is apparent from the foregoing, in order to 
effectively correct the image distortions, it is desirable to 
provide the user of the image processing apparatus with a 
means for Selecting an appropriate Standard image having 
the Substantially front direction from among the Split 
images. Further, it is desirable to provide the user of the 
image processing apparatus with a means for notifying, 
when taking one of the Split images from the original image, 
the user that a Selected one of the split images is currently 
taken as the Standard image. 

SUMMARY OF THE INVENTION 

0011. An object of the present invention is to provide an 
image processing method that effectively corrects the image 
distortions caused by oblique imaging in which an original 
image on the object plane is taken from an oblique direction, 
and provides an improved operability for the user. 
0012 Another object of the present invention is to pro 
vide an image processing method that easily creates a 
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composite image with an acceptable level of Visual quality 
from a plurality of partially overlapping imageS Such that the 
image distortions caused by the oblique imaging are effec 
tively corrected and an improved operability is provided for 
the user. 

0013 Another object of the present invention is to pro 
vide an image processing apparatus that carries out the 
image processing method to effectively correct the image 
distortions caused by the oblique imaging and provide an 
improved operability for the user. 
0.014) Another object of the present invention is to pro 
vide a computer-readable Storage medium Storing program 
code instructions for causing a computer to execute the 
image distortion correction processing that effectively cor 
rects the image distortions caused by the oblique imaging 
and provides an improved operability for the user. 
0.015 The above-mentioned objects of the present inven 
tion are achieved by an image processing method for cor 
recting image distortions caused by oblique imaging in 
which an original image of an object on an object plane is 
taken from different oblique directions to obtain a plurality 
of partially overlapping images, the image processing 
method comprising the Steps of determining a feature point 
of one of the plurality of partially overlapping images 
corresponding to a common location of the original image, 
shared by the plurality of partially overlapping images, and 
determining a matched point of one of the other partially 
overlapping images corresponding to the feature point So 
that a direction of the object plane is calculated based on the 
feature point and the matched point; selecting one of the 
plurality of partially overlapping imageS as a Standard image 
whose image distortions are to be corrected; and generating 
a distortion-corrected image on a projection plane by pro 
jecting the Standard image onto the projection plane based 
on the direction of the object plane Such that image distor 
tions in the Standard image are eliminated. 
0016. The above-mentioned objects of the present inven 
tion are achieved by an image processing apparatus for 
correcting image distortions caused by oblique imaging in 
which an original image of an object on an object plane is 
taken from different oblique directions to obtain a plurality 
of partially overlapping images, the image processing appa 
ratus comprising: a correspondence detecting unit which 
determines a feature point of one of the plurality of partially 
overlapping images corresponding to a common location of 
the original image, shared by the plurality of partially 
overlapping images, and determining a matched point of one 
of the other partially overlapping imageS corresponding to 
the feature point of Said one of the plurality of partially 
overlapping images So that a direction of the object plane is 
calculated based on the feature point and the matched point; 
a Standard image Setting unit which Selects one of the 
plurality of partially overlapping imageS as a Standard image 
that contains a Smallest amount of image distortions among 
the plurality of partially overlapping images, and an image 
composition unit which combines the other partially over 
lapping images, which are projected onto an image Surface 
of the Standard image with respect to each of the other 
partially overlapping images, So that a composite image is 
generated on the image Surface So as to correct image 
distortions in the Standard image. 
0.017. The above-mentioned objects of the present inven 
tion are achieved by a computer-readable Storage medium 
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Storing program code instructions for causing a computer to 
execute an image distortion correction processing to correct 
image distortions caused by oblique imaging is corrected, 
which comprises: a first program code device which causes 
the computer to determine a feature point of one of the 
plurality of partially overlapping images corresponding to a 
common location of the original image, shared by the 
plurality of partially overlapping images, and to determine a 
matched point of one of the other partially overlapping 
images corresponding to the feature point So that a direction 
of the object plane is calculated based on the feature point 
and the matched point; a Second program code device which 
causes the computer to Select one of the plurality of partially 
overlapping imageS as a Standard image whose image dis 
tortions are to be corrected; and a third program code device 
which causes the computer to generate a distortion-corrected 
image on a projection plane by projecting the Standard 
image onto the projection plane based on the direction of the 
object plane Such that image distortions in the Standard 
image are eliminated. 
0018. In the image processing method and apparatus of 
the present invention, even when an image of the object on 
an arbitrary object plane is taken from an arbitrary oblique 
direction, the correction of the image distortion can be 
carried out by taking at least two images of the object. The 
image processing method and apparatus of the present 
invention are effective in easily and accurately correcting the 
image distortions caused by the oblique imaging. Further, 
the image processing method and apparatus of the present 
invention are effective in easily creating a composite image 
with an acceptable level of visual quality from a plurality of 
partially overlapping imageS Such that the image distortions 
caused by the oblique imaging are corrected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. Other objects, features and advantages of the 
present invention will be apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings. 
0020 FIG. 1 is a diagram for explaining a problem of a 
conventional image processing method. 
0021 FIG. 2 is a diagram for explaining operation of a 

first preferred embodiment of the image processing method 
of the invention. 

0022 FIG. 3 is a block diagram of a first preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0023 FIG. 4 is a perspective view of the image process 
ing apparatus of FIG. 3. 
0024 FIG. 5 is a flowchart for explaining operation of 
the image processing apparatus of the present embodiment. 
0025 FIG. 6 is a diagram showing an operational indi 
cation of a display unit of the image processing apparatus of 
FIG. 3 when inputting an object image. 
0026 FIG. 7 is a diagram showing the layout of a 
Standard image Setting unit of the image processing appa 
ratus of FIG. 3. 

0027 FIG. 8 is a block diagram of a variation of the 
image processing apparatus of the present embodiment. 
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0028 FIG. 9 is a block diagram of a correspondence 
detecting unit in the image processing apparatus of FIG. 3. 

0029 FIG. 10A and FIG. 10B are diagrams for explain 
ing operation of a correlation computing unit in the corre 
spondence detecting unit of FIG. 9. 

0030 FIG. 11 is a block diagram of an image distortion 
correcting unit in the image processing apparatus of FIG. 3. 

0.031 FIG. 12 is a diagram for explaining operation of 
the image distortion correcting unit of FIG. 3. 
0.032 FIG. 13 is a diagram for explaining optical systems 
of an imaging unit in the image processing apparatus of 
FIG 3. 

0.033 FIG. 14 is a diagram for explaining a perspective 
projection of a 3D data computing unit in the image distor 
tion correcting unit of FIG. 11. 
0034 FIG. 15 is a diagram for explaining operation of 
the image distortion correcting unit of FIG. 3. 
0.035 FIG. 16 is a diagram for explaining operation of a 
parameter computing unit in the image distortion correcting 
unit of FIG. 11. 

0.036 FIG. 17 is a diagram for explaining operation of 
the parameter computing unit in the image distortion cor 
recting unit of FIG. 11. 

0037 FIG. 18A and FIG. 18B are diagrams for explain 
ing a Second preferred embodiment of the image processing 
method of the invention. 

0038 FIG. 19 is a block diagram of a second preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0039 FIG. 20 is a flowchart for explaining operation of 
the image processing apparatus of the present embodiment. 

0040 FIG. 21 is a block diagram of an image composi 
tion unit in the image processing apparatus of FIG. 19. 

0041 FIG. 22 is a block diagram of a third preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0.042 FIG. 23 is a flowchart for explaining operation of 
the image processing apparatus of the present embodiment. 

0.043 FIG.24 is a diagram for explaining standard image 
Setting operations that are provided to a Standard image 
Setting unit in the image processing apparatus of FIG. 22. 

0044 FIG. 25 is a diagram for explaining operation of a 
notification unit in the image processing apparatus of FIG. 
22. 

004.5 FIG. 26 is a block diagram of a fourth preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0.046 FIG. 27 is a flowchart for explaining operation of 
the image processing apparatus of the present embodiment. 

0047 FIG.28 is a diagram for explaining standard image 
Setting operations that are provided to a Standard image 
Setting unit in the image processing apparatus of FIG. 26. 

Apr. 11, 2002 

0048 FIG. 29 is a block diagram of a fifth preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0049 FIG. 30 is a flowchart for explaining operation of 
the image processing apparatus of the present embodiment. 
0050 FIG.31A and FIG. 31B are diagrams for explain 
ing an image distortion that depends on the degradation of 
the resolution of the image processing apparatus. 
0051 FIG. 32 is a block diagram of a variation of the 
fifth preferred embodiment of the image processing appa 
ratuS. 

0052 FIG. 33 is a diagram for explaining Hough trans 
form used by the image processing method of the present 
embodiment. 

0053 FIG. 34 is a block diagram of another variation of 
the fifth preferred embodiment of the image processing 
apparatuS. 

0054 FIG. 35 is a block diagram of another variation of 
the fifth preferred embodiment of the image processing 
apparatuS. 

0055 FIG. 36 is a block diagram of a flat surface 
measuring unit in the image processing apparatus of FIG. 
35. 

0056 FIG. 37 is a block diagram of a sixth preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0057 FIG. 38 is a flowchart for explaining operation of 
the image processing apparatus of the present embodiment. 
0.058 FIG. 39 is a block diagram of a seventh preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0059 FIG. 40 is a diagram for explaining operation of a 
Switching unit in the image processing apparatus of FIG. 39. 
0060 FIG. 41 is a diagram showing a computer-readable 
Storage medium for use in the image processing apparatus of 
the invention. 

0061 FIG. 42 is a diagram showing a computer-readable 
Storage medium for use in a personal computer to which the 
image processing method of the invention is applied. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0062) A description will now be provided of preferred 
embodiments of the present invention with reference to the 
accompanying drawings. 
0063 FIG. 2 shows an operation of a first preferred 
embodiment of the image processing method of the inven 
tion. AS Shown in FIG. 2, an image processing apparatus 1 
takes an original image on the object plane PL from two 
different directions, and first and Second images 3 and 4 are 
obtained Such that the two images 3 and 4 share at least a 
common location of the original image on the object plane. 
Each of the first and Second images 3 and 4 has image 
distortions caused by oblique imaging. According to the 
image processing method of the present embodiment, one of 
the first and Second imageS3 and 4 is Selected as the Standard 
image, and a distortion-corrected image is created based on 
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the Selected image. For example, when the split image 3 is 
Selected as the Standard image, a distortion-corrected image 
5 is created by correcting the image distortions in the 
standard image 3, as shown in FIG. 2. 
0.064 FIG. 3 is a block diagram of a first preferred 
embodiment of the image processing apparatus of the inven 
tion. AS shown in FIG. 3, the image processing apparatuS 1 
of the present embodiment generally includes an imaging 
unit 11, a signal processing unit (SP) 12, a memory control 
unit (MC) 13, a main control unit (CTR) 14, a frame 
memory (FM) 15, an interface unit (I/F) 16, a display unit 
(DP) 17, an external storage (ES) 18, a mode setting unit 
(MS) 19, a standard image setting unit (SIS) 20, a corre 
spondence unit (CD) 21, and an image distortion correcting 
unit (IDC) 22. The imaging unit 11 generally includes a lens 
111, a stop 112, a shutter 113, a photoelectric conversion unit 
114, and a pre-processor (PPR) 115. 
0065. In the image processing apparatus 1, an output of 
the pre-processor 115 is connected to the SP 12. The SP 12 
is connected to each of the CTR 14, the MC 13 and the I/F 
16. The MC 13 is connected to each of the FM 15 and SIS 
20. The CTR 14 is connected to each of the MC 13, the MS 
19 and the SIS 20. 

0.066 Further, in the image processing apparatus 1, the 
FM 13 is connected to each of the MC 13, the CD 21 and 
the IDC 22. The I/F 16 is connected to each of the DP17 and 
the ES 18. The SIS 20 is connected to the IDC 22. Further, 
the CD 21 is connected to the IDC 22. 

0067. In the imaging unit 11, the lens 111, the stop 112, 
the shutter 113 and the photoelectric conversion unit 114 are 
arranged in this order along the optical axis thereof. An 
output of the photoelectric conversion unit 114 is connected 
to the PPR 115. The imaging unit 11 generates a digital 
image Signal by taking an original image of an object on the 
object plane, the digital image Signal indicating the image of 
the object. The image processing apparatuS 1 is configured 
to process the image Signal Supplied by the imaging unit 11 
and correct image distortions caused by oblique imaging. 
0068. In the image processing apparatus 1, a mode Setting 
signal (MS) is input to the MS 19, and one of a normal 
imaging mode and a distortion correcting mode is Selected 
by the MS 19 in response to the input mode setting signal. 
A standard image setting signal (SIS) is input to the SIS 20, 
and one of a plurality of partially overlapping images of the 
object is selected as the standard image by the SIS 20 in 
response to the input Standard image Setting Signal. 

0069. In the image processing apparatus 1, the FM 15 
Stores image Signals, indicating respective images of the 
object taken from two or more Viewpoints, which are 
Supplied by the imaging unit 11. The image Signals Stored in 
the FM 15 include at least a pair of partially overlapping 
images of the object, the partially overlapping images shar 
ing a common location on the object plane. The CD 21 
determines a feature point of one of the partially overlapping 
images that corresponds to the common location of the 
object plane, and determines a matched point of the other of 
the partially overlapping images that corresponds to the 
feature point. The IDC 22 calculates a direction of the object 
plane based on the feature point and the matched point 
determined by the CD 21. The IDC 22 generates a distortion 
corrected image on a projection plane by projecting one of 
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the partially overlapping images onto the projection plane 
based on the calculated direction of the object plane. The 
distortion-corrected image generated by the IDC 22 is Stored 
into the FM 15. The operations of these elements of the 
image processing apparatuS 1 will be described in detail 
later. 

0070. In the present embodiment, the photoelectric con 
version unit 114 of the imaging unit 11 is formed by using 
a charge-coupled device (CCD). The PPR 115 is formed by 
using an analog signal processor or analog-to-digital con 
verter including a preamplifier and an automatic gain control 
(AGC) circuit. The PPR 115 serves to convert an analog 
image Signal, Supplied by the photoelectric conversion unit 
114, into a digital image Signal. 

0071. In the image processing apparatus 1, the CTR 14 
controls the entire image processing apparatuS 1. The CTR 
14 is formed by a microprocessor. The SP 12 processes the 
image Signal Supplied by the imaging unit 11, and Supplies 
the processed image signal to the MC 13. The FM 15 stores 
the processed image signal under control of the CTR 14. The 
SP 12 transfers the processed image signal to the DP17 
through the I/F 16 so that the image is displayed on the DP 
17. The SP12 transfers the processed image signal and other 
signals to the ES 18 through the I/F 16 for storage of these 
Signals. The image Signal and the other Signals are written to 
or read from the ES 18 under control of the CTR 14. 

0072. In the present embodiment, the SP12 is formed by 
using a digital signal processor (DSP) or the like. The digital 
image Signal, Supplied by the imaging unit 11, is Subjected 
to Several kinds of Signal processing in the SP 12, including 
color decomposition, white balance adjustment and gamma 
correction, as it is required. The MC 13 controls the FM 15 
Such that the processed image Signal, Supplied by the SP 12, 
is written to the FM 15, or, conversely, it is read from the FM 
15. In the present embodiment, the FM 15 is formed by a 
semiconductor memory, such as a VRAM, SRAM or 
DRAM. The FM 15 is capable of storing an amount of image 
Signals corresponding to at least two images of the object. 
0073. In the image processing apparatus 1, an image 
signal, read from the FM 15, is transferred to the SP 12. In 
the SP 12, the image Signal is processed through image 
compression and other signal processing. After the Signal 
processing is performed, the SP12 transferS the compressed 
image signal to the ES 18 via the I/F 16 for storage of the 
image Signal. In the present embodiment, the ES 18 is 
formed by an IC memory card or a magneto-optical disk. 
Alternatively, by using a modem card or an ISDN card, the 
compressed image Signal may be transmitted to an external 
terminal at a remote location via a communication network, 
where the compressed image Signal is recorded to a Storage 
medium of the terminal, instead of storing it in the ES 18. 
0074. On the other hand, the compressed image signal 
read from the ES 18 is transferred to the SP 12 via the I/F 
16. In the SP12, the image Signal is processed through Signal 
decompression and other Signal processing. 

0075) Further, in the image processing apparatus 1, an 
image signal read from either the ES 18 or the FM 15 is 
transferred to the SP 12 for displaying of the image Signal. 
In the SP 12, the image Signal is processed through digital 
to-analog (DA) conversion, amplification and/or other kinds 
of Signal processing. After the Signal processing is per 
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formed, the processed image Signal is transferred to the DP 
17 via the I/F 16, so that the image is displayed on the DP 
17. In the present embodiment, the DP17 is formed by a 
liquid crystal display (LCD) device attached to an enclosure 
of the image processing apparatus 1. 

0.076 FIG. 4 is a perspective view of the image process 
ing apparatus 1 of FIG. 3. As shown in FIG. 4, the image 
processing apparatuS 1 of the present embodiment is a 
digital Still camera which generally includes a power Switch 
101, a shutter 102, a finder 103, a mode setting key 104, an 
up scroll key 201, a down scroll key 202, and an enter key 
203, in addition to the elements of the image processing 
apparatus 1 described above with reference to FIG. 3. The 
mode setting key 104 is provided for the user to select one 
of the normal imaging mode and the distortion correcting 
mode, and the mode Setting Signal (MS) indicating the user's 
selection on the mode setting key 104 is supplied to the MS 
19. The up scroll key 201 is provided for the user to scroll 
up the image indicated on the display unit 17. The down 
scroll key 202 is provided for the user to scroll down the 
image indicated on the display unit 17. The Standard image 
Setting signal (SIS) indicating the Selected Standard image is 
supplied to the SIS 20 upon pressing of the enter key 203. 
0077 FIG. 5 is a flowchart for explaining operation of 
the image processing apparatus 1 of the present embodi 
ment. 

0078. When the power switch 101 is turned ON, the 
image processing apparatus 1 Starts operation. By using the 
mode setting key 104, the user selects one of the normal 
imaging mode and the distortion correcting mode. When the 
normal imaging mode is Selected, the image processing 
apparatuS 1 Serves to take a Snap photograph of an object. 
When the distortion correcting mode is Selected, the image 
processing apparatus Serves to generate a distortion-cor 
rected image. In the present embodiment, the mode Setting 
unit (MS) 19 is provided to receive the mode setting signal 
output by the mode setting key 104. The MS 19 may be 
formed by using the hardware or the software which is 
provided Separately from the main body of the image 
processing apparatus 1. 

0079. As shown in FIG. 5, at a start of the operation of 
the image processing apparatus 1, the main control unit 14 
at Step S1 determines whether the distortion correcting mode 
is selected by the user by turning ON the mode setting key 
104. When the result at the step SI is negative, step S10 sets 
the image processing apparatus 1 in the normal imaging 
mode wherein a Snap photograph of a desired object is taken. 

0080 When the result at the step S1 is affirmative, step S2 
requests the user to input the object image, which is taken 
from the original image of an object on the object plane PL 
by using the imaging unit 11. It is necessary that a plurality 
of object images be input to the image processing apparatus 
1, the plurality of object images including at least a pair of 
partially overlapping first and Second images that are taken 
from different oblique directions, and the two images shar 
ing a common location of the original image on the object 
plane PL. 

0.081 Step S3 determines whether the inputting of the 
object image to the image processing apparatus 1 is finished 
according to the user's operation. When the result at the Step 
S3 is negative, the control is transferred to the step S2. The 
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inputting of the object image to the image processing 
apparatuS 1 is repeated until the result at the Step S3 is 
affirmative. When the result at the step S3 is affirmative, the 
control is transferred to the next step S4. In the present 
embodiment, the above-mentioned operation is performed 
by turning ON the mode setting key 104 again. Alterna 
tively, another key that is used to finish the inputting of the 
object image may be provided on the image processing 
apparatus 1. 

0082 FIG. 6 shows an operational indication of the 
display unit 17 of the image processing apparatus of FIG. 3 
when inputting an object image. AS shown, in order to allow 
the user to confirm the inputting of the object images, the 
operational indication of the display unit 17, which is 
overlaid with the object image, may include the Sequential 
number (e.g., “first image') of the object image currently 
taken, as well as an operational message like "pressing mode 
Setting key again terminates inputting process'. 
0083. After the inputting of the plurality of object images 
(or the partially overlapping first and Second images) to the 
image processing apparatuS 1 is performed, Step S4 per 
forms the Setting of a Standard image. In this Step, one of the 
plurality of object images is manually or automatically 
Selected as the Standard image whose image distortions are 
to be corrected. In the present embodiment, the Standard 
image setting unit (SIS) 20 carries out the Setting of the 
Standard image, which will be described later. 
0084 FIG. 7 shows the layout of the standard image 
Setting unit (SIS) 20 of the image processing apparatus of 
FIG. 3. As shown in FIG. 7, the SIS 20 is provided with the 
up scroll key 201, the down scroll key 202 and the enter key 
203. Upon depression of the mode setting key 104 to 
terminate the inputting of the object image at the Step S3 
shown in FIG. 5, an operational message, such as “STAN 
DARD IMAGE SETTING”, which is overlaid with the 
object image, appears on the display unit 17 as shown in 
FIG. 7. Hence, the user is requested at this time to select one 
of the plurality of object images (or the partially overlapping 
first and Second images) as the standard image whose image 
distortions are to be corrected. 

0085. By using the up and down scroll keys 201 and 202, 
the user Searches for the desired Standard image among the 
plurality of object images captured at the Step S2 while 
Viewing the object image indicated on the display unit 17. 
When the up scroll key 201 is depressed, the preceding 
object image that was taken prior to the currently displayed 
object image appears on the display unit 17. When the down 
Scroll key 202 is depressed, the following object image that 
was taken after the currently displayed object image appears 
on the display unit 17. With the desired standard image 
indicated on the display unit 17, the user depresses the enter 
key 203 to finalize the Setting of the Standard image at Step 
S4 shown in FIG. 5. 

0086. When selecting one of the plurality of object 
imageS as the Standard image, it is needed for accurate image 
distortion correction that an object image having a largest 
ratio of an area of an object region to an entire area of the 
image be Selected from the plurality of object images. 
Further, it is needed for accurate image distortion correction 
that an object image having a Smallest inclination angle of 
the viewing direction to the object plane PL be selected from 
the plurality of object imageS. In the above-described 
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embodiment, the Standard image is manually Selected by the 
user, bearing in mind that these matters are necessary. 
0087 FIG. 8 is a block diagram of a variation of the 
image processing apparatus of the present embodiment. The 
image processing apparatuS 2 of the present embodiment is 
configured So that an object image having a largest ratio of 
an area of an object region to an entire area of the image is 
automatically Selected from the plurality of object images 
(or the partially overlapping first and Second images). 
0088 As shown in FIG. 8, an object region determining 
unit (ORD) 23 is provided in the image processing apparatus 
2, instead of the Standard image Setting unit 20 in the image 
processing apparatus 1 of FIG. 3. An output of the FM 15 
is connected to the ORD 23. The ORD 23 receives an object 
region setting signal (ORD) output by an external control 
unit (not shown), and determines a ratio of the area of an 
object region to the entire area of each image of the plurality 
of object images by performing a known image Segmenta 
tion process. 
0089 Generally, any of images, such as the standard 
image or the reference image, means an image of an object 
on the object plane PL that is taken by the imaging device. 
The image of the object, taken by the imaging device, is 
acquired by using the image Segmentation process, which is 
known, for example, from “Computer Image Processing and 
Recognition”, Chapter 9, pp.128-139, by Takeshi Agui and 
Tomoharu Nagao, published in November 1992 from Shok 
Oudo Co. Ltd. in Japan. In the document, four kinds of the 
image segmentation method: (a) clustering is performed on 
the image (e.g., the region division method); (b) clustering 
is performed on the characteristic space (e.g., the histogram 
based region division method); (c) edges of the image are 
used (e.g., contour line tracing); (d) texture analysis are 
explained. An appropriate one of the image Segmentation 
methods is applied to the ORD 23 of the image processing 
apparatuS2. When the image Segmentation is performed, the 
image of the object is divided into regions of picture 
elements, the individual regions having distinctive intensity 
characteristics depending on the image taken by the imaging 
device. If the object Surface is rectangular and the coordi 
nates of the vertexes of the four corners of the object in the 
image are externally input to the ORD 23, the object region 
can be uniquely determined. 
0090. In the image processing apparatus 2 of FIG. 8, the 
data Signal indicating the object region determined by the 
ORD 23 is supplied to the IDC 22. In response to the 
received data Signal, the IDS 22 automatically Selects the 
object image having the largest ratio of the area of the object 
region to the entire area of the image as the Standard image 
from among the plurality of object images (or the partially 
overlapping first and Second images). 
0.091 Further, in the image processing apparatus 2 of 
FIG. 8, the IDS 22 calculates a direction of the object plane 
with respect to the image Surface of each image. The 
inclination angle of the viewing direction of each image to 
the object plane PL can be determined based on the calcu 
lated direction of the object plane. If there are two or more 
object images that have the largest ratio of the object region 
area to the entire image area, the ORD 23 automatically 
Selects the object image having the Smallest inclination 
angle among Such object images, as the Standard image. The 
above automatic selecting function of the ORD 23 in the 
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present embodiment can be applied to another preferred 
embodiment of the image processing apparatus of the inven 
tion which will be described later. 

0092 Referring back to the flowchart of FIG. 5, after the 
step S4 is performed, the main control unit (CTR) 14 at step 
S5 controls the correspondence detecting unit (CD) 21 so 
that the CD 21 determines a feature point of the standard 
image (or the Selected one of the plurality of partially 
overlapping images) corresponding to the common location 
of the original image, and determines a matched point of one 
of the other partially overlapping imageS corresponding to 
the feature point. A description will now be given of the 
configuration and operation of the CD 21 in the image 
processing apparatus 1 of FIG. 3. 
0093 FIG. 9 is a block diagram of the correspondence 
detecting unit (CD) 21 in the image processing apparatus of 
FIG. 3. In the present embodiment, the CD 21 uses a 
correlation computation method to determine a feature point 
of the Standard image that corresponds to the common 
location of the original image on the object plane PL shared 
by the Standard image and the reference image (or the 
partially overlapping first and Second images) among the 
Stored image Signals in the FM 15, and to determine a 
matched point of the reference image that corresponds to the 
feature point of the Standard image. 
0094. As shown in FIG. 9, the CD 21 generally includes 
a feature point Setting unit 211 and a correlation computing 
unit 212. As described above, the frame memory (FM) 15 in 
the image processing System 1 of FIG. 3 Stores the standard 
image and the reference image (or the partially overlapping 
first and Second images of the object), the Standard image 
and the reference image sharing the common location of the 
original image on the object plane. 

0.095. In the CD 21 of FIG. 9, the feature point setting 
unit 211 receives the data of the standard image from the FM 
15, and determines a feature point of the Standard image that 
corresponds to the common location of the original image on 
the object plane. The feature point Setting unit 211 extracts 
a pattern of gray-scale intensities of (2N+1)(2P+1) pixels (or 
picture elements) within a corresponding block of the stan 
dard image wherein the feature point is located at the center 
of the block. The extracted pattern of the intensities of the 
pixels within the block of the standard image will be referred 
to as the correlation window. Each of “N” and “P” denotes 
a non-negative integer that specifies a size of the correlation 
window. The position of the feature point in the standard 
image is chosen from a corner or an edge of the image of the 
object, which shows a distinctive pattern of gray-Scale 
intensities of the neighboring pixels around the corner or the 
edge. The extracted pattern of the intensities of the pixels 
within the correlation window, obtained by the feature point 
Setting unit 211, is transferred to the correlation computing 
unit 212. 

0096. In the CD 21 of FIG. 9, the correlation computing 
unit 212 receives the data of the reference image from the 
FM 15, and determines a matched point of the reference 
image corresponding to the feature point of the Standard 
image by finding, through a correlation computation pro 
ceSS, a center point of a block of the reference image having 
a pattern of intensities which approximately accords with the 
extracted pattern within the correlation window of the 
Standard image. 
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0097 FIG. 10A and FIG. 10B show a block matching as 
an example of the correlation computation proceSS per 
formed by the correlation computing unit 212 in the present 
embodiment. 

0098. As shown in FIG. 10A and FIG. 10B, the block 
matching between a pattern of intensities of the (2N+1)(2P+ 
1)-size correlation window 215 of the standard image 7 and 
a pattern of intensities of a corresponding correlation win 
dow 216 of the reference image 9 is performed by the 
correlation computing unit (CD) 212. Each of cross corre 
lations S in pixel value or intensity between the i-th possible 
feature point 213 (Xio, yo) of the standard image 7 and a 
corresponding pixel 217 (X+dx, yo-dy) of the reference 
image 9 is represented by 

1 (1) 
S = K X. X. II, (xio + x, yio +y) - , (xio, yio) X 

0099] In the above formula, “K” is a constant, “I (x, y)” 
denotes the pixel value or intensity of the pixel (x, y) of the 
Standard image 7, "I (x, y)' denotes the pixel value or 
intensity of the pixel (x, y) of the reference image 9, "I (X, 
y)' denotes the mean pixel value or mean intensity of the 
pixels within a (2N+1)(2P+1)-size correlation window 215 
having the pixel (x, y) of the standard image 7 as the center 
of the window, and “Ir (x,y) denotes the mean pixel value 
or means intensity of the pixels within a (2N+1)(2P+1)-size 
correlation window 216 having the pixel (x, y) of the 
reference image 9 as the center of the window. 
0100 For all of the possible feature points 213 (x, yo) 
of the Standard image 7, the cross correlations S are calcu 
lated according to the above formula (1). Then, it is deter 
mined whether the maximum of Such cross correlations S is 
larger than a predetermined threshold value. When the result 
of this determination is affirmative, the correlation comput 
ing unit 212 successfully determines a matched point 217 of 
the reference image 9 corresponding to the feature point of 
the Standard image for the maximum croSS correlation case. 
On the other hand, when the result of the determination is 
negative, the correlation computing unit 212 determines that 
there is no matched point of the reference image 9 that 
corresponds to any of the possible feature points of the 
Standard image. 
0101. In the flowchart of FIG. 5, after the step S5 is 
performed, the main control unit (CTR) 14 at step S6 
controls the image distortion correcting unit (IDC) 22 So that 
the IDC 22 performs the computation of distortion correct 
ing parameters based the relation between the feature point 
of the Standard image and the matched point of the reference 
image in order to calculate a direction of the object plane. 
After the step S6 is performed, the CTR 14 controls at step 
S7 the IDC 22 so that the IDC 22 generates a distortion 
corrected image on the projection plane, which is parallel to 
thee object plane, by projecting the Standard image onto the 
projection plane through a perspective projection based on 
the calculated direction of the object plane. That is, the 
distortion-corrected image created by the IDC 22 is essen 
tially the Same as the image of the object that is taken by the 
imaging unit 11 from the direction perpendicular to the 
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object plane, not from the oblique direction. After the Step 
S7 is performed, the process of FIG. 5 ends. 
0102) Next, a description will be provided of the image 
distortion correcting unit (IDC) 22 in the image processing 
System 1. In the present embodiment, the image distortion 
correcting unit (IDC) 22 calculates a direction of the object 
plane based on the relation between the feature point of the 
Standard image and the matched point of the reference image 
detected by the CD 21. The IDC 22 generates a distortion 
corrected image on a projection plane, which is parallel to 
the object plane, by projecting the Standard image onto the 
projection plane through a perspective projection based on 
the direction of the object plane. 
0.103 FIG. 11 is a block diagram of the image distortion 
correcting unit (IDC) 22 in the image processing apparatus 
of FIG. 3. 

0104. As shown in FIG. 11, the image distortion correct 
ing unit (IDC) 22 generally includes a three-dimensional 
(3D) data computing unit 221, a parameter computing unit 
222, and a coordinate transform unit 223. The SIS 20 and the 
CD 21 are connected to inputs of the 3D data computing unit 
221. An output of the 3D data computing unit 221 is 
connected to an input of the parameter computing unit 222. 
The parameter computing unit 222, the SIS 20 and the FM 
15 are connected to inputs of the coordinate transform unit 
223. 

0105. In the IDC 22 of FIG. 11, the 3D data computing 
unit 221 calculates 3D data of the object plane and 3D data 
of the image Surfaces of the Standard and reference images 
based on the relation between the feature point and the 
matched point supplied by the CD 21. The parameter 
computing unit 222 calculates distortion correction param 
eters based on the 3D data of the object plane and the 3D 
data of the image Surfaces Supplied by the 3D data comput 
ing unit 221. The coordinate transform unit 223 creates a 
distortion-corrected image on the projection plane by pro 
jecting the Standard image onto the projection plane through 
the perspective projection based on the parameterS Supplied 
by the parameter computing unit 222. 

0106 FIG. 12 shows a relation model that represents the 
relation between the object plane PL and the image Surfaces 
of the standard image 7 and the reference image 9. FIG. 13 
shows an optical System model with respect to the image 
surface 224 for each of the standard image 7 and the 
reference image 9. 
0107 A detailed description will be given of the creation 
of a distortion-corrected image by the IDC 22 in the present 
embodiment with reference to FIG. 12 and FIG. 13. 

0108. In the present embodiment, the standard image 7 
and the reference image 9 are obtained by taking an image 
of an object on the object plane with the imaging unit 11 
from the two viewpoints with respect to the object plane PL, 
as shown in FIG. 12. The optical system of the imaging unit 
11 in the present embodiment is Supposed to be a perspective 
projection model as shown in FIG. 13. 
0109) As shown in FIG. 13, the coordinate system of the 
optical System as the perspective projection model is defined 
such that the positive direction of the “X” axis is chosen from 
the right-handed direction of each image Surface of the 
Standard and reference images, the positive direction of the 



US 2002/004 1717 A1 

y axis is chosen from the downward direction of each 
image Surface of the Standard and reference images, the 
positive direction of the “Z” axis is chosen from the direction 
of the optical axis of the optical System facing the object, the 
origin “o' of the coordinate System is chosen from the center 
of the optical System, and the distance between the origin 
“o' of the coordinate System and the image Surface is chosen 
as being equal to the focal length “f of the optical System 
of the imaging unit 11. The following description of the 
creation of a distortion-corrected image by the IDC 22 is 
based on the above Setting of the coordinate System. 
0110. In the IDC 22 of FIG. 11, the 3D data computing 
unit 221 calculates a set of 3D parameters R, t, n} of the 
object plane and the image Surfaces of the Standard and 
reference images based on the relation between the feature 
point and the matched point supplied by the CD 21. More 
specifically, the 3D parameter “R” obtained by the 3D data 
computing unit 221 is indicative of the attitude of the 
imaging unit 11 at the viewpoint when taking the reference 
image 9 relative to that at the Viewpoint when taking the 
standard image 7. The 3D parameter “t’ obtained by the 3D 
data computing unit 221 is indicative of a unit translation 
vector of the imaging unit 11 from the Viewpoint when 
taking the Standard image 7 to the viewpoint when taking the 
reference image 9. The 3D parameter “n” obtained by the 3D 
data computing unit 221 is indicative of a direction of the 
object plane PL. 

0111) The following methods (a) and (b) are conceivable 
as the method of calculating the set of 3D parameters {R, t, 
n} based on the relation between the feature point and the 
matched point. 
0112 The method (a) is that the digital camera's position 
and attitude and the 3D coordinates of each corresponding 
points when taking each of the Standard image and the 
reference image are calculated from eight or more combi 
nations of the feature point and the matched point. In this 
method, it is assumed that the object plane is planar, and the 
calculated 3D coordinates are adapted to a Single plane 
Surface. 

0113. The above-mentioned method (a) is a multiple 
purpose 3D computer vision measurement technique, and it 
is possible to uniquely determine the Set of 3D parameters 
{R, t, n} by using the linear computations. 
0114. The method (b) is that the perspective projection 
matrix (which will be called the homography matrix) is 
calculated from four or more combinations of the feature 
point and the matched point, and then the digital camera's 
position and attitude when taking each of the Standard image 
and the reference image and the direction of the object plane 
are calculated from the resulting perspective projection 
matrix. 

0115) In the above method (b), after the coordinate trans 
formation formulas (or the homography matrix) which are 
Satisfied under the restriction condition that the object plane 
is planar are determined, the direction of the digital camera 
and the direction of the object plane are calculated. 
0116. The 3D data computing unit 221 in the present 
embodiment may be configured to use either the method (a) 
or the method (b). In the following, a detailed description 
will be given of the case in which the 3D data computing 
unit 221 is configured to use the method (b). 
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0.117) First, the procedure for the calculation of the per 
spective projection matrix (or the homography matrix) will 
be explained. FIG. 14 shows a perspective projection in 
which the pixels of the Standard image are transformed into 
the pixels of the reference image. 
0118. As shown in FIG. 14, the perspective projection is 
that the pixels of the Standard image 7 are transformed into 
the pixels of the reference image 9 So that a projected image 
10 is created. Suppose that there is a correspondence 
between one (indicated by a point (x, y)) of the pixels of 
the Standard image 7 and a corresponding one (indicated by 
a point (x, y)) of the pixels of the reference image 9. The 
perspective projection is represented by 

b1 + by + ba (2) 
* by by, 1 

b4Xs -- b5ys -- b6 
by, by, 1 

0119). In the above formula (2), the eight unknowns b 
throughbs are rewritten in the form of a matrix B as follows. 

b1 b2 b8 (3) 
B = b4 b5 bo 

b7 bs 1 

0120 In the present embodiment, the matrix B repre 
sented by the above formula (3) is called the perspective 
projection matrix (or the homography matrix). In order to 
calculate the perspective projection matrix B, the four or 
more combinations of the feature point (x, y) of the 
Standard image and the matched point (x, y) of the 
reference image (where i=1,..., N, N24) are used. 
0121) Substituting the values of the feature point (x, y) 
and the matched point (x, y) into the above formula (2) 
will make it possible to obtain the solution of the unknowns 
b through bs. However, in practical applications, due to 
errors or noises contained in the images, the equality of the 
above formula (2) does not hold in the sense of strict 
accuracy. In order to eliminate this problem, the least Square 
method, which is represented by the following formula, is 
used to obtain the approximations to the Solutions of the 
unknowns b through bs, or the perspective projection 
matrix B. 

W (4) 
( Xi + by + ba f (i. + b5y + bo f by + bay, + 1 Wri by + bay, + 1 yi ) min. 

i=l 

0122) The above formula (4) is modified into the follow 
ing formula. 
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-continued 
(b4-x, +bsys; +bs - (by v, +bsys + 1)y,i} - min. 

0123 The restriction conditions that the values of the 
derived functions as the partial differentials of the left-hand 
side of the above formula (5) with respect to the variables b 
through bs are equal to Zero are used So that the Solution of 
the simultaneous equations of the variables b throughbs can 
be calculated. The perspective projection matrix B can be 
determined through simple linear calculations by using the 
above correlated combinations. Hence, the 3D data comput 
ing unit 221 can easily calculate the perspective projection 
matrix B by using the Simple linear calculations based on the 
four or more combinations of the feature point (X, y) of 
the standard image and the matched point (x, y) of the 
reference image. 

0.124. Next, the procedure of calculation of the 3D param 
eters {R, t, n} from the perspective projection matrix B will 
be described. 

0.125 Suppose that the normal vector “n” to the object 
plane is represented by 

C 

r C 

0.126 Suppose that the surface equation of the object 
plane on the basis of the Viewpoint when taking the Standard 
image is represented by the following formula. 

(6) 
(a + b + c = 1, c > 0) 

0127. In the above formula (7), d indicates the distance 
from the origin of the coordinate System to the object plane 
PL, and “r” is expressed by the equation r=xy Z. By using 
the focal length “f” of the optical system, the above formula 
(2) is rewritten into the following form. 

'r Hay, + Hy, H.f 

0128. The above formula (8) is further rewritten into the 
following formula. 

Wr Hi H2 H31 x Xs (9) 
y = s. H12 H22 H2 ly, = SHy, 
f H13 H23 H33 f f 

0129. In the above formula (9), the following condition is 
met. 
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1 (10) 

0130. The relationship between the matrix H of the above 
formula (9) and the parameters {R, t, n, d is represented by 

0131) In the above formula (11), “s" is a constant, and 
each of the elements of the matrix H has the degree of 
freedom with respect to the scale factor. The transformation 
of the perspective projection matrix B (indicated by the 
above formula (3)) into the matrix H(indicated by the above 
formula (9)) is performed by using the following formula. 

1 O O 1 O O b b. b3 ff (12) 

H = 0 1 OB 0 1 0 | = | by bs boff 
0 0 f | 0 0 1 | f |fb, fbs 1 

0132) Next, the procedure of calculations for determining 
the values of the unknown parameters {R, t, n, d) from the 
matrix H will be described below. 

0133. The scale factors of the object plane's distance “d” 
and the unit translation vector “t” are indefinite, and it is 
assumed that the following condition is Satisfied. 

|t|=1 (13) 
0134) The procedure of calculations for determining the 
values of the unknown parameters {R, t, n, d is also given 
by “Image Understanding. Theoretical Methods In 3D 
Recognition” by Kenichi Kanatani, published in May 1990 
from Morikita Shuppan Co., Ltd. in Japan. The results (i) 
through (vi) of the calculations of the solutions of the 
parameters are provided as follows. 

0135 (i) The elements of the matrix H represented 
by the above formula (9) are multiplied by appro 
priate constants, det H=1 is held. 

0136 (ii) Suppose that the symmetric matrix HH' 
has the eigenvalues Of, O, and O, and that the 
corresponding eigenvectors u, u, and Us are mutu 
ally perpendicular unit vectors that form the right 
handed System where Oeo-e O. 

0137 (iii) When O =O =O, the motion parameters 
are set as follows. 

0138. The object plane parameters {n, d are indefinite. 
Otherwise the following two sets of the solutions can be 
determined as follows. 

0139 (iv) The object plane parameters {n, d can be 
determined as follows. 

= - ?i loi- or it 2-2 (15) 
it. st Of - O 5 u + v O5 orius) (16) 
d = - 

O1 - Os 
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0140. In the above formula (15), the value of the coeffi 
cient e is chosen Such that e=it-1 and c>0. 

0141 (v) The unit translation vector “t” is deter 
mined as follows. 

(17) 1 - (tors voi-au, -or wor-crus) 

0142 (vi) The rotation matrix “R” is determined as 
follows. 

R= |- 1 nth (18) O2 (n, t) +d 

0143 AS described above, the two sets of the solutions of 
the 3D parameters {R, t, n, dare calculated from the 
perspective projection matrix B. In most cases, it is apparent 
from the derived values of the Solutions which of the two 
Solutions is a true Solution. 

0144. In the process of the above calculations, the focal 
length “f of the imaging unit 11 is used. A predetermined 
value of the focal length “f” of the imaging unit 11 is 
pre-recorded in the internal memory (not shown) of the main 
control unit 14, and the value of the focal length “f can be 
easily used when performing the above calculations. 

014.5 Further, when the focal length of the imaging unit 
11 is variable and different focal lengths are used in taking 
the Standard image and in taking the reference image, Such 
focal lengths can be detected by providing an encoder in the 
optical System of the imaging unit 11. The detected focal 
lengths can be easily used when performing the above 
calculations. 

0146) Next, in the IDC 22 of FIG. 11, the parameter 
computing unit 222 calculates distortion correction param 
eters based on the 3D data of the object plane and the 3D 
data of the image Surfaces Supplied by the 3D data comput 
ing unit 221. 

0147 FIG. 15 shows the concept of the image distortion 
correction used by the first preferred embodiment of the 
image processing apparatuS 1 of the present embodiment. 

0.148. As shown in FIG. 15, in the present embodiment, 
the image distortions due to the oblique imaging are cor 
rected by performing the perspective projection in which the 
Standard image is projected onto the projection plane, which 
is parallel to the object plane, based on the direction of the 
object plane. The distortion-corrected image is created on 
the projection plane. For example, the point P1 on the image 
surface 30 is projected onto the projection plane 31 as the 
point P2 thereon through the perspective projection. In the 
present embodiment, the calculation of the distortion cor 
rection parameters is essentially the same as the determina 
tion of the perspective projection formula. 

0149 Next, a description will be provided of the calcu 
lation of the distortion correction parameters. FIG.16 shows 
a relationship between the apparatus coordinate System 33 
and the unit binormal vector normal to the projection plane 
31. 

10 
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0150. As shown in FIG. 16, the parameter computing 
unit 222 of the present embodiment calculates a rotation 
matrix “R” that represents the coordinate transformation in 
which the Z axis of the apparatus coordinate System 33 (or 
the imaging device coordinate System), which is the same as 
the direction of the optical axis of the imaging unit 11 at the 
Viewpoint when taking the Standard image, is transformed So 
as to accord with the direction of the unit binormal vector 
normal to the projection plane 31, which is parallel to the 
object plane PL. 

0151. The Z axis of the apparatus coordinate system is 
represented by the vector (0, 0, 1). The unit binormal vector 
normal to the projection plane, which accords with the unit 
binormal vector “n” normal to the object plane, is repre 
sented by the unit binormal vector “n”=(a, b, c). In the 
present embodiment, the following equation is held. 

C (19) 

C 

0152 There are many rotation matrixes “R” that satisfy 
the above equation (19). In the present embodiment, the 
rotation matrix “R” is defined as follows. 

R. R. R.3 (20) 
R = R, R = R. R. R. 

R. R. R.3 

0153. In the above formula (20), “R'," and “R'," are 
represented by 

1 O O cosp3 () sinf3 (21) 

R = 0 cosa -sina, R = 0 1 O 
O sina cosa -sinf3 () cosp3 

0154 FIG. 17 shows a representation of the perspective 
projection by using the rotation matrix. As shown in FIG. 
17, the meaning of the above formulas (20) and (21) is the 
Same as the transformation of the apparatus coordinate 
System (x, y, z) into a new coordinate System (x, y, z) by 
the two stages of rotation: (i) and (ii), which follows. 

0155 (i) The apparatus coordinate system 33 (x, y, 
Z) is transformed into an intermediate coordinate 
System (x1, y1, Z1) by rotating the apparatus coor 
dinate System 33 around the y axis by a rotation 
angle “B”. 

0156 (ii) The intermediate coordinate system (x1, 
y1, Z1) is transformed into the new coordinate Sys 
tem (x, y, z) by rotating the intermediate coordinate 
System around the X1 axis by a rotation angle “C.”. 

0157 By using the above formulas (19) and (20), the 
rotation angles “C.” and “B” are represented by the following 
formulas. 

C=sin(-b) (22) 



US 2002/004 1717 A1 
11 

0158 

(23) - C 

f3 = sin (vs) 

0159 From the above formulas (22) and (23), the rotation 
angles “C” and “B” are calculated, and the resulting rotation 
angles “C” and “B” are substituted into the above formulas 
(20) and (21). This allows the rotation matrix “R” to be 
uniquely determined. The rotation matrix “R” represents the 
coordinate transformation in which the Z axis of the appa 
ratus coordinate System 33 is transformed So as to accord 
with the direction of the unit binormal vector. 

0160 Next, a description will be provided of the calcu 
lation of the distortion correction parameters performed by 
the parameter computing unit 222 in the present embodi 
ment. 

0.161 AS described above, the calculation of the distor 
tion correction parameters is essentially the same as the 
determination of the perspective projection formula, and 
each of the pixels of the Standard image on the image Surface 
is projected into a pixel on the projection plane by using the 
perspective projection formula. 

0162 To determine the perspective projection formula, a 
3D vector “P” expressed on the basis of the apparatus 
coordinate System 33 at the viewpoint when taking the 
standard image, the above-described rotation matrix “R” 
and the 3D vector “n'=(a,b,c) indicating the direction of the 
object plane are used. The 3D vector “P” corresponding to 
one pixel of the Standard image on the image Surface, as 
shown in FIG. 15, is extended to the projection plane. 
Suppose that the point “P”, where the extended vector “P” 
intersects the projection plane, corresponds to a pixel of the 
image projected onto the projection plane after the coordi 
nate transformation. The 3D vector “P” corresponding to the 
point “P” on the basis of the apparatus coordinate system 33 
is represented by 

(24) 
ys (k > 0) 

ax, + by + cf 

0163. In the above formula (24), “k” denotes a scaling 
factor that is indicative of a distance from the optical System 
center "o" of the imaging unit 11 to the projection plane. 
Hence, the determination of the scaling factor “k” defines 
the size of the distortion-corrected image created on the 
projection plane. The 3D vector “P” in the above formula 
(24) is expressed on the basis of the apparatus coordinate 
System 33 at the viewpoint when taking the Standard image. 
By applying the rotation matrix “R” to the 3D vector “P” as 
in the following formula, the 3D vector “P” is transformed 
into a 3D vector “P” on the basis of the apparatus coordinate 
System when the imaging unit 11 faces the object plane from 
the direction perpendicular to the object plane. 
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X R. R. R1 | y, (25) 
k 

P Y = RP = R2 R22 R2 || y, 
S 

Z S R3 R3 R3 f 

0164. The coordinates (X, Y) of the 3D vector “P” in the 
above formula (25) are used as the coordinates of the pixel 
on the projection plane after the coordinate transformation is 
performed. Accordingly, each of the pixels of the Standard 
image on the image Surface can be projected into the pixel 
on the projection plane by using the perspective projection 
formula (25), and the coordinates of each of the pixels of the 
distortion-corrected image on the projection plane can be 
obtained. In this manner, the parameter computing unit 222 
performs the calculation of the distortion correction param 
eters by using the perspective projection formula (25). 
0165 Finally, in the IDC 22 of FIG. 11, the coordinate 
transform unit 223 creates a distortion-corrected image on 
the projection plane by projecting the Standard image onto 
the projection plane through the perspective projection 
based on the parameterS Supplied by the parameter comput 
ing unit 223. 
0166 Specifically, in the present embodiment, the coor 
dinates (x, y) of each of the pixels of the Standard image 
corresponding to the coordinates (X, Y) after the coordinate 
transformation are calculated by using the above formula 
(25), and the pixel value at the coordinate (X,Y) is estimated 
or interpolated based on the pixel values at the neighboring 
pixels in the vicinity of the calculated coordinates (x, y) of 
that pixel. The interpolation of the pixel value at the coor 
dinate (X, Y) based on the pixel values at the neighboring 
pixels of the calculated coordinates (x, y) can be carried 
out by using a known interpolation method, Such as the 
bilinear interpolation or the B-spline interpolation. 
0.167 Accordingly, in the image processing method and 
apparatus of the present embodiment, even when the origi 
nal image of the object on the object plane is taken from 
different oblique directions, the correction of the image 
distortions due to the oblique imaging can be carried out by 
taking at least two object images (the standard image 7 and 
the reference image 9 as shown in FIG. 14). By using the 
SIS 20, one of the plurality of partially overlapping images, 
having the largest ratio of the object region area to the entire 
image area, can be easily and Suitably Selected as the 
Standard image. The image processing method and appara 
tus of the present embodiment can provide an improved 
operability for the user. 
0.168. Further, in the present embodiment, the program 
code instructions for causing the main control unit 14 to 
execute the image distortion correction processing of FIG. 
5 are stored in, for example, a ROM of the main control unit 
14. Upon Start of the execution of the image distortion 
correction processing, the program code instructions are 
loaded from the ROM to a RAM of the main control unit 14, 
and the image distortion correction is carried out by the main 
control unit 14. Hereinafter, the main control unit 14 will be 
referred to as the computer, for the Sake of convenience. 
0169. Next, FIG. 18A and FIG. 18B show an image 
distortion correction of a Second preferred embodiment of 
the image processing method of the invention. 
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0170 As shown in FIG. 18A, the image processing 
method of the present embodiment is used to Sequentially 
take “K” partially overlapping Still images of an object on 
the object plane PL at “K” different viewpoints. For 
example, the image of the object taken from an oblique 
direction “d1 will be referred to as the image “im1, the 
image of the object taken from an oblique direction “d2" will 
be referred to as the image “im2”, and so on. The two 
adjacent images among the “K” images, Such as the image 
“im1” and the image “im2”, share a common location of the 
original image on the object plane PL. In the present 
embodiment, respective images (one of which is referred to 
as the image “imj', 1sjs K), which are projected onto an 
image Surface of the image “imk' with respect to each of the 
“K” images, are combined to the image “imk’ So as to form 
a composite image "IMC” on the image Surface of the image 
“imk” as shown in FIG. 18B. Further, the composite image 
“IMC is projected onto the projection plane by using the 
perspective projection, So that the image distortions caused 
by the oblique imaging are corrected. 
0171 FIG. 19 shows a second preferred embodiment of 
the image processing apparatus of the invention. In FIG. 19, 
the elements that are essentially the same as corresponding 
elements in FIG. 3 are designated by the same reference 
numerals, and a description thereof will be omitted. 
0172. As shown in FIG. 19, the image processing appa 
ratuS 6 of the present embodiment is essentially the same as 
the image processing apparatus 1 of the previous embodi 
ment of FIG.3, except that an image composite unit (IC) 24 
is provided instead of the IDC 22 as in the previous 
embodiment of FIG. 3. In the present embodiment, the IC 
24 combines the other partially overlapping images, which 
are projected onto an image Surface of the Standard image 
with respect to each of the other partially overlapping 
images, So that a composite image is generated on the image 
Surface, So as to correct the image distortions in the Standard 
image. Similar to the previous embodiment of FIG. 3, the 
CD 21 determines the feature point of one of the plurality of 
partially overlapping points, and determines a matched point 
of one of the other partially overlapping imageS. The IC 24 
calculates a direction of the object plane is calculated based 
on the feature point and the matched point determined by the 
CD 21. 

0173 FIG. 20 is a flowchart for explaining operation of 
the image processing apparatus 6 of the present embodi 
ment. 

0174 As shown in FIG. 20, the main control unit 14 at 
Step S1 determines whether the distortion correcting mode is 
selected by the user by turning ON the mode setting key 104. 
When the result at the step S1 is negative, step S10 sets the 
image processing apparatus 1 in the normal imaging mode 
wherein a Snap photograph of a desired object is taken. 
0175 When the result at the step S1 is affirmative, step S2 
requests the user to input the object image, which is taken 
from the original image of an object on the object plane PL 
by using the imaging unit 11. It is necessary that a plurality 
of object images be input to the image processing apparatus 
1, the plurality of object images including at least a pair of 
partially overlapping first and Second images that are taken 
from different oblique directions, and the two images shar 
ing a common location of the original image on the object 
plane PL. 
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0176 Step S3 determines whether the inputting of the 
object image to the image processing apparatus 1 is finished 
according to the user's operation. When the result at the Step 
S3 is negative, the control is transferred to the step S2. The 
inputting of the object image to the image processing 
apparatuS 1 is repeated until the result at the Step S3 is 
affirmative. When the result at the step S3 is affirmative, the 
control is transferred to the next step S4. In the present 
embodiment, the above-mentioned operation is performed 
by turning ON the mode setting key 104 again. 
0177. After the inputting of the plurality of object images 
(or the partially overlapping first and Second images) to the 
image processing apparatuS 1 is performed, Step S4 per 
forms the Setting of a Standard image. In this Step, one of the 
plurality of object images is manually or automatically 
Selected as the Standard image that contains the Smallest 
amount of image distortions among the plurality of partially 
overlapping images. In the present embodiment, the Stan 
dard image setting unit (SIS) 20 carries out the Setting of the 
Standard image at the Step S4, which is the same as that in 
the previous embodiment of FIG. 5. For the sake of con 
Venience, Suppose that the image “im” in the example of 
FIG. 18 is selected as the standard image, and that the image 
“im' has the Smallest amount of image distortions among 
the plurality of partially overlapping imageS "im1 through 
“imk’. 

0.178 After the step S4 is performed, the main control 
unit (CTR) 14 at step S5 controls the correspondence 
detecting unit (CD) 21 so that the CD 21 determines a 
feature point of the Standard image (or the Selected one of 
the plurality of partially overlapping images) corresponding 
to the common location of the original image, and deter 
mines a matched point of one of the other partially over 
lapping images corresponding to the feature point. After the 
step S5 is performed, step S6 performs the computation of 
the perspective projection transform matrix. After the Step 
S6 is performed, Step S7 generates a composite image on the 
image Surface of the Standard image So as to correct the 
image distortions in the Standard image. After the Step S7 is 
performed, the process of FIG. 20 ends. 
0179. In the present embodiment, the IC 24 performs the 
computation of the perspective projection transform matrix 
and the creation of the composite image, which will be 
described later. 

0180 FIG. 21 is a block diagram of the image compo 
Sition unit (IC) 24 in the image processing apparatus of FIG. 
19. 

0181. As shown in FIG. 21, the IC 24 generally includes 
a projection transform computing unit 231 and a coordinate 
transform unit 241. In the image processing apparatus 6 of 
the present embodiment, the SIS 20 and CD 21 are con 
nected to inputs of the projection transform computing unit 
231. The SIS 20, the FM 15 and the projection transform 
computing unit 231 are connected to inputs of the coordinate 
transform unit 241. 

0182. In the IC 24 of FIG. 21, the projection transform 
computing unit 231 calculates the 3D data of the object 
plane and the 3D data of the respective image Surfaces of the 
“K” images based on the relation between the feature point 
and the matched point Supplied by the correspondence 
detecting unit (CD) 21. The projection transform computing 
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unit 231 calculates the distortion correction parameters 
based on the 3D data of the object plane and the 3D data of 
the respective image Surfaces. 

0183. Further, the coordinate transform unit 232 creates a 
distortion-corrected composite image on the projection 
plane by projecting the composite image onto the projection 
plane through the perspective projection based on the 
parameterS Supplied by the projection transform computing 
unit 231. For the creation of the distortion-corrected com 
posite image, the coordinate transform unit 232 uses the 
(K-1) perspective projection matrixes B, B2, ..., Bk for 
the (K-1) pairs of the Standard image and the reference 
image, which are supplied by the FM 15. 

0184 More specifically, the perspective projection 
matrix for projecting the image “imn” (n=1 to k-1) onto the 
image “im(n+1) is represented by “B”, and the perspective 
projection matrix for projecting the image “imn” onto the 
image “imi' is represented by 

B n-si 

0185. The projection transform computing unit 231 cal 
culates the perspective projection matrixes based on the 
following formula: 

i-l (26) 

0186 The projection transform computing unit 231 cal 
culates a set of 3D parameters {R, t, n} of the object plane 
and the image Surfaces of the Standard image and the 
reference image for each (called the image “J”) of the “K” 
images based on the relation between the feature point and 
the matched point supplied by the CD 21. The projection 
transform computing 231 uses the following perspective 
projection matrix B for each of the “K” images, and per 
forms the calculations of the above formula (26) to obtain 
the 3D parameters {R, t, n} for each of the “K” images. 
0187. The projection transform computing 231 of the 
present embodiment performs the calculations of the above 
formula (26) based on the 3D data of the object plane and the 
3D data of the image surfaces (or the 3D parameters {R, t, 
n}), in order to obtain the distortion correction parameters. 
0188 The coordinate transform unit 232 of the present 
embodiment generates the distortion-corrected composite 
image on the projection plane by projecting the composite 
image onto the projection plane through the perspective 
projection based on the 3D parameterS Supplied by the 
projection transform computing unit 231. More Specifically, 
in the present embodiment, the coordinates (x, y) of each 
of the pixels of the Standard image corresponding to the 
coordinates (X, Y) after the coordinate transformation are 
calculated by using the following formula, 
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(27) 

1 

X 

1 

0189 In the above formula (27), “s” is a coefficient that 
makes the value of the third element of the left-side vector 
of the formula (27) equal to 1. Next, the pixel value at the 
coordinate (X, Y) is estimated or interpolated based on the 
pixel values at the neighboring pixels in the vicinity of the 
calculated coordinates (x, y) of that pixel. The interpola 
tion of the pixel value at the coordinate (X,Y) based on the 
pixel values at the neighboring pixels of the calculated 
coordinates (x, y) can be carried out by using the known 
interpolation method, Such as the bilinear interpolation or 
the B-spline interpolation. 

0190. In the above-described embodiment, the standard 
image is Selected from the plurality of partially overlapping 
images after the inputting of the partially overlapping 
images (the object images) is performed. Alternatively, the 
Selection of the Standard image may be performed before the 
inputting of the partially overlapping images (the object 
images) is performed. A description will now be given of a 
third preferred embodiment of the image processing appa 
ratus of the invention in which the selection of the standard 
image is performed before the inputting of the object images 
is performed. 

0191 FIG. 22 is a block diagram of the third preferred 
embodiment of the image processing apparatus of the inven 
tion. In FIG. 22, the elements that are essentially the same 
as corresponding elements in FIG. 3 are designated by the 
Same reference numerals, and a description thereof will be 
omitted. 

0.192 As shown in FIG. 22, the image processing appa 
ratus 8 of the present embodiment is essentially the same as 
the image processing apparatus 1 of the previous embodi 
ment of FIG.3, except that a notification unit (NTF) 26 and 
a finder (FND) 241 are provided in addition to the elements 
in the previous embodiment of FIG. 3. In the present 
embodiment, the SIS 20 is configured such that a user is 
requested to Select the Standard image when taking the 
original image from one of the oblique directions. The 
notification unit 26 notifies the user that the Standard image 
is currently taken, which will be described later. 
0193 In the image processing apparatus 8 of FIG.22, the 
notification unit 26 is connected to each of the main control 
unit 14 and the SIS 20. Further, the shutter 113 of the 
imaging unit 11 and the interface unit 16 are connected to the 
main control unit 14, and the finder 241 and the interface 
unit 16 are connected to each other. 

0194 FIG. 23 is a flowchart for explaining operation of 
the image processing apparatuS 8 of the present embodi 
ment. FIG. 24 is a diagram for explaining Standard image 
setting operations that are provided to the SIS 20 in the 
image processing apparatus 8 of FIG. 22. FIG. 25 is a 
diagram for explaining operation of the notification unit 26 
in the image processing apparatus 8 of FIG. 22. 

0195 As shown in FIG. 23, the main control unit 14 at 
Step SI determines whether the distortion correcting mode is 
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selected by the user by turning ON the mode setting key 104. 
When the result at the step S1 is negative, step S10 sets the 
image processing apparatus 1 in the normal imaging mode 
wherein a Snap photograph of a desired object is taken. 
0196. When the result at the step S1 is affirmative, step S2 
controls the SIS 20 so that the SIS 20 performs the setting 
of a Standard image. In this step, one of the plurality of 
object images is manually or automatically Selected as the 
Standard image that contains the Smallest amount of image 
distortions among the plurality of partially overlapping 
images. In the present embodiment, the SIS 20 carries out 
the Setting of the Standard image at the Step S2, which is the 
same as that in the previous embodiment of FIG. 5. As 
shown in FIG. 24, the SIS 20 is provided with cursor keys 
204 and the enter key 203. At the step S2, the operational 
message “STANDARD IMAGE SETTING” is displayed on 
the display unit 17, as well as the number of the object 
images taken by the user, and the identification of the 
Standard image Set by the user. 
0197). After the step S2 is performed, step S3 requests the 
user to input the object image, which is taken from the 
original image of an object on the object plane PL by using 
the imaging unit 11. When the object image is input to the 
image processing apparatuS 8, the main control unit at Step 
S4 determines whether the Standard image is taken from the 
original image by the user. When the enter key 203 is turned 
ON by the user after the setting of the standard image is 
done, the result at the step S4 is affirmative, and the control 
is transferred to the next step S5. Otherwise the result at the 
Step S4 is negative, and the control is transferred to the Step 
S6 and the step S5 is not performed. 
0198 Step S5 controls the finder 241 so that the finder 
241 notifies the user that the Standard image is currently 
taken. AS shown in FIG. 25, an appropriate indicator 242 is 
displayed on the finder 241 at a sidewise location of the 
object image 35 within the finder 241. 
0199 After the step S5 is performed, step S6 determines 
whether the inputting of the object image to the image 
processing apparatuS 1 is 5 finished according to the user's 
operation. When the result at the step S6 is negative, the 
control is transferred to the step S3. The inputting of the 
object image to the image processing apparatuS 1 is repeated 
until the result at the step S6 is affirmative. When the result 
at the step S6 is affirmative, the control is transferred to the 
next step S7. 
0200. After the inputting of the plurality of object images 
(or the partially overlapping first and Second images) to the 
image processing apparatuS 1 is performed, the main control 
unit (CTR) 14 at step S7 controls the CD 21 so that the CD 
21 determines a feature point of the standard image (or the 
Selected one of the plurality of partially overlapping images) 
corresponding to the common location of the original image, 
and determines a matched point of one of the other partially 
overlapping images corresponding to the feature point. After 
the step S7 is performed, step S8 performs the computation 
of the perspective projection transform matrix. After the Step 
S8 is performed, step S9 generates controls at step S7 the 
IDC 22 so that the IDC 22 generates a distortion-corrected 
image on the projection plane, which is parallel to thee 
object plane, by projecting the Standard image onto the 
projection plane through a perspective projection based on 
the calculated direction of the object plane. That is, the 
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distortion-corrected image created by the IDC 22 is essen 
tially the Same as the image of the object that is taken by the 
imaging unit 11 from the direction perpendicular to the 
object plane, not from the oblique direction. After the Step 
S9 is performed, the process of FIG. 23 ends. 
0201 According to the image processing apparatus 8 of 
the present embodiment, it is possible to provide an 
improved operability for the user in performing the Selection 
of the Standard image from the plurality of partially over 
lapping images. 
0202 FIG. 26 is a block diagram of a fourth preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0203 As shown in FIG. 26, the image processing appa 
ratus 40 of the present embodiment generally includes an 
imaging device 41, the Signal processing unit (SP) 12, the 
memory control unit (MC) 13, the main control unit (CTR) 
14, the frame memory (FM) 15, the interface unit (I/F) 16, 
the display unit (DP) 17, the external storage (ES) 18, the 
mode setting unit (MS) 19, the standard image setting unit 
(SIS) 20, the correspondence detecting unit (CD) 21, and the 
image distortion correcting unit (IDC) 22. In the present 
embodiment, the imaging device 41 is configured to include 
a first imaging unit 11A and a Second imaging unit 11B. Each 
of the first and Second imaging units 11A and 11B includes 
the optical system elements 111 through 115 that are essen 
tially the same as corresponding elements of the imaging 
unit 11 in the previous embodiment of FIG. 3. 
0204 FIG. 27 is a flowchart for explaining operation of 
the image processing apparatuS 40 of the present embodi 
ment. FIG. 28 is a diagram for explaining Standard image 
setting operations that are provided to the SIS 20 in the 
image processing apparatus 40 of FIG. 26. 
0205 As shown in FIG. 27, the main control unit 14 at 
Step S1 determines whether the distortion correcting mode is 
selected by the user by turning ON the mode setting key 104. 
When the result at the step S1 is negative, step S10 sets the 
image processing apparatus 1 in the normal imaging mode 
wherein a Snap photograph of a desired object is taken. 
0206 When the result at the step S1 is affirmative, step S2 
controls the SIS 20 so that the SIS 20 performs the setting 
of a Standard image. In this step, one of the plurality of 
object images is manually or automatically Selected as the 
Standard image that contains the Smallest amount of image 
distortions among the plurality of partially overlapping 
images. In the present embodiment, the SIS 20 carries out 
the Setting of the Standard image at the Step S2, which is the 
same as that in the previous embodiment of FIG. 5. As 
shown in FIG. 28, the SIS 20 is provided with the up scroll 
key 201, the down scroll key 202 and the enter key 203. At 
the step S2, the operational message “STANDARD IMAGE 
SETTING” is appears on the display unit 17 together with 
the two indicators “CAMERA1” (corresponding to the first 
imaging unit 11A) and “CAMERA2” (corresponding to the 
Second imaging unit 11B) for the user's choice of the Setting 
of the Standard image. 
0207. After the step S2 is performed, step S3 requests the 
user to input the object image, which is taken from the 
original image of an object on the object plane PL by using 
the selected one of the imaging units 11A and 11B. When the 
object image is input to the image processing apparatus 8, 
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the main control unit determines that the Standard image is 
taken from the original image by the user. When the enter 
key 203 is turned ON by the user after the setting of the 
Standard image is done, the control is transferred to the next 
step S4. 
0208 After the inputting of the plurality of object images 
(or the partially overlapping first and Second images) to the 
image processing apparatuS 1 is performed, the main control 
unit (CTR) 14 at step S4 controls the CD 21 so that the CD 
21 determines a feature point of the standard image (or the 
Selected one of the plurality of partially overlapping images) 
corresponding to the common location of the original image, 
and determines a matched point of one of the other partially 
overlapping images corresponding to the feature point. After 
the step S4 is performed, step S5 performs the computation 
of the perspective projection transform matrix. After the Step 
S5 is performed, step S6 controls the IDC 22 so that the IDC 
22 generates a distortion-corrected image on the projection 
plane, which is parallel to thee object plane, by projecting 
the Standard image onto the projection plane through a 
perspective projection based on the calculated direction of 
the object plane. After the Step S6 is performed, the proceSS 
of FIG. 27 ends. 

0209 According to the image processing apparatus 40 of 
the present embodiment, the imaging device 41, including 
the first and Second imaging units 11a and 11B, is used, and 
it is possible to provide a further improved operability for 
the user in performing the Selection of the Standard image 
from the plurality of partially overlapping images. 
0210 Further, the imaging device 41 in the image pro 
cessing apparatus 40 of FIG. 26 may include three or more 
imaging units, each including the optical System that is 
essentially the same as that of the previous embodiment of 
FIG. 3. The imaging device 41 of the present embodiment 
may be applied to the image processing apparatuS 6 of the 
previous embodiment of FIG. 19. 
0211 Further, in the above-described embodiments, the 
plurality of partially overlapping images, which are recorded 
onto a storage medium such as a hard disk or a CD-ROM, 
may be read and loaded to the external storage (ES) 18 of the 
image processing apparatus. The image distortion correcting 
processing that is the Same as that of the above-described 
embodiments can be carried out with the plurality of par 
tially overlapping images stored in the ES 18. Further, in the 
above-described embodiments, the MS 19, the SIS 20, the 
CD 21, the IDC 22, and the IC 24 may be provided in the 
image processing apparatus Such that they are separated 
from the imaging unit 11 or the imaging device 41. 
0212 FIG. 29 is a block diagram of a fifth preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0213 As shown in FIG. 29, the image processing appa 
ratus 50 of the present embodiment is configured such that 
an object region determining unit (ORD) 25 and a standard 
image automatic setting unit (SIAS) 27 are provided instead 
of the SIS 20 of FIG. 3, the ORB 25 and the SIAS 27 are 
connected to the main control unit 14, an output of the ORB 
25 is connected to the SIAS 27, and an output of the SIAS 
27 is connected to the IDC 22. 

0214 FIG. 30 is a flowchart for explaining operation of 
the image processing apparatus 50 of the present embodi 
ment. 
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0215. As shown in FIG. 30, the main control unit 14 at 
Step S1 determines whether the distortion correcting mode is 
selected by the user by turning ON the mode setting key 104. 
When the result at the step S1 is negative, step S10 sets the 
image processing apparatus 1 in the normal imaging mode 
wherein a Snap photograph of a desired object is taken. 
0216. When the result at the step S1 is affirmative, step S2 
requests the user to input, to the image processing apparatus 
50, the object image taken from the original image of the 
object on the object plane. It is necessary that the plurality 
of object images be input to the image processing apparatus 
50, the plurality of object images including at least a pair of 
partially overlapping first and Second imageS which share a 
common location of the original image on the object plane. 
0217. After the step S2 is performed, step S3 determines 
whether the inputting of the object image to the image 
processing apparatus 50 is finished according to the user's 
operation. When the result at the step S3 is negative, the 
control is transferred to the step S2. The inputting of the 
object image to the image processing apparatuS 50 is 
repeated until the result at the step S3 is affirmative. 
0218. When the result at the step S3 is affirmative, the 
main control unit 14 at step S4 controls the CD 21 so that the 
CD 21 the CD 21 determines a feature point of the standard 
image (or the Selected one of the plurality of partially 
overlapping images) corresponding to the common location 
of the original image, and determines a matched point of one 
of the other partially overlapping imageS corresponding to 
the feature point. 
0219. After the step S4 is performed, step S5 controls the 
SIAS 27 so that the SIAS 27 performs the automatic setting 
of a Standard image. In this step, one of the plurality of 
object images is automatically Selected as the Standard 
image that contains the Smallest amount of image distortions 
among the plurality of partially overlapping images. In the 
present embodiment, the SIAS 20 carries out the automatic 
Setting of the Standard image, at the Step S5, based on the 
feature point and the matched point determined by the CD 
21. 

0220. After the step S5 is performed, step S6 controls the 
IDC 22 so that the IDC 22 performs the computation of the 
image distortion correcting parameters based on the feature 
point and the matched point determined by the CD 21. After 
the step S6 is performed, step S7 controls the IDC 22 so that 
the IDC 22 generates a distortion-corrected image on the 
projection plane, which is parallel to thee object plane, by 
projecting the Standard image onto the projection plane 
through a perspective projection based on the calculated 
direction of the object plane. After the step S7 is performed, 
the process of FIG. 30 ends. 
0221 According to the image processing apparatus 50 of 
the present embodiment, the Standard image automatic Set 
ting unit 27 is provided to automatically Select one of the 
plurality of partially overlapping imageS as the Standard 
image based on the feature point and the matched point 
determined by the CD 21, and it is possible to provide a 
further improved operability for the user in performing the 
Selection of the Standard image from the plurality of partially 
Overlapping images. 
0222 FIG.31A and FIG. 31B are diagrams for explain 
ing an image distortion that depends on the degradation of 
the resolution of the image processing apparatus. 
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0223) The IDC 22 of the image processing apparatus 50 
of FIG. 29 performs the coordinate transformation accord 
ing to the above formula (25) so that the creation of a 
distortion-corrected image is performed. Generally, the 
operation of the image distortion correction is varied 
depending on the degradation of the resolution of the image 
processing apparatus. For the Sake of Simplicity of descrip 
tion, Suppose that the inclination angle (p between the 
direction of the object plane and the direction of the image 
Surface is variable only around the y-axis direction, and that 
the size of the projection plane 31, which is parallel to the 
object plane, is equal to the Size of the image Surface 32. 
0224. As shown in FIG. 31A, when the inclination angle 

cp is relatively small, the point in the vicinity of the left-end 
edge of the image Surface 32 is projected onto the projection 
plane 31, which is indicated by a change of the vector toward 
the origin "o" of the coordinate System. In this case, the 
resolution of the object image will be degraded by the 
coordinate transformation. 

0225. As shown in FIG. 31B, when the inclination angle 
(p is relatively large, the point in the vicinity of the left-end 
edge of the image Surface 32 is projected onto the projection 
plane 31, which is indicated by a larger change of the vector 
toward the origin “o' of the coordinate System. In this case, 
the range in which the resolution of the object image will be 
degraded by the coordinate transformation is increased as 
indicated by the shaded area in FIG. 31B. 
0226. In the image processing apparatus 50 of FIG. 29, 
the ORD 25 acquires an object region of the object image, 
taken by the imaging unit 11, by using the image Segmen 
tation process, which is known from the above-mentioned 
document “Computer Image Processing and Recognition'. 
In the document, four kinds of the image Segmentation 
method: (a) clustering is performed on the image (e.g., the 
region division method); (b) clustering is performed on the 
characteristic space (e.g., the histogram based region divi 
Sion method); (c) edges of the image are used (e.g., contour 
line tracing); (d) texture analysis are explained. An appro 
priate one of the image Segmentation methods is applied to 
the ORD 25 of the image processing apparatus 50. When the 
image Segmentation is performed, the image of the object is 
divided into regions of picture elements, the individual 
regions having distinctive intensity characteristics depend 
ing on the image taken by the imaging device. If the object 
Surface is rectangular and the coordinates of the vertexes of 
the four corners of the object in the image are externally 
supplied to the ORD 25, the object region can be uniquely 
determined by the ORD 25. 
0227. In the image processing apparatus 50 of FIG. 29, 
the data Signal indicating the object region determined by 
the ORD 25 is supplied to the IDC 22 through the SIAS 27. 
In response to the received data Signal, the IDS 22 auto 
matically Selects the object image having the largest ratio of 
the area of the object region to the entire area of the image 
as the Standard image from among the plurality of object 
images (or the partially overlapping first and Second 
images). 
0228 FIG. 32 is a block diagram of a variation of the 
fifth preferred embodiment of the image processing appa 
ratus. AS shown in FIG. 32, the image processing apparatus 
51 of the present embodiment is configured such that a 
straight-line pattern detecting unit (SLPD) 28 is provided 
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instead of the ORD 25 of FIG. 29, the SLPD 28 and the 
SIAS 27 are connected to the main control unit 14, and the 
SLPD 28 is connected to the IDC 22 through the SIAS 27. 
0229. In the image processing apparatus 51 of FIG. 32, 
the SLPD 28 detects a direction of a straight-line pattern 
contained in the object image, taken from the original image 
of the object on the object plane by applying the Straight-line 
pattern to the following formula. 

0230 Based on the direction of the straight-line pattern 
detected by the SLPD 28, the IDC 22 automatically selects 
one of the plurality of object images (or the partially 
overlapping first and Second images) as the Standard image. 
0231 FIG. 33 is a diagram for explaining Hough trans 
form used by the image processing method of the present 
embodiment. 

0232 Alternatively, in the image processing apparatus 51 
of FIG. 32, the SLPD 28 detects a direction of a straight-line 
pattern contained in the object image, taken from the origi 
nal image of the object on the object plane by Subjecting 
each object image to the Hough transform as shown in FIG. 
33. 

0233 AS indicated by FIG.33(a) and (b), a sequence of 
points P1, P2 and P3 on the object image are projected onto 
the 0-p space. In the 0-p space, a corresponding line (L1, L2 
or L3) for each point is represented by a combination of the 
angle 0 of the point in the X-y coordinate System and the 
length p of a line Segment between the origin “o’ of the X-y 
coordinate system and the point. As shown in FIG. 33(b), 
the intersection point CP (0,p) of the transformed lines is 
assumed, and the SLPD 28 of the present embodiment 
detects a direction of a Straight-line pattern contained in the 
object image, taken from the original image of the object on 
the object plane by using the following formula. 

0234. In the present embodiment, based on the direction 
of the straight-line pattern detected by the SLPD 28, the IDC 
22 automatically Selects one of the plurality of object images 
(or the partially overlapping first and Second images) as the 
Standard image. 

0235 FIG. 34 is a block diagram of another variation of 
the fifth preferred embodiment of the image processing 
apparatuS. 

0236. As shown in FIG. 34, the image processing appa 
ratuS 52 of the present embodiment is configured Such that 
only the standard image automatic setting unit (SIAS) 27 is 
provided while the ORD 25 of FIG. 29 or the SLPD 28 of 
FIG. 32 is not provided, and the SIAS 27 is connected to the 
IDC 22. 

0237). In the present embodiment, the SIAS 27 is pro 
Vided to automatically Select one of the plurality of partially 
overlapping imageS as the Standard image based on the 
feature point and the matched point determined by the CD 
21, and it is possible to provide an improved operability for 
the user in performing the Selection of the Standard image 
from the plurality of partially overlapping images. The IDC 
22 performs the coordinate transformation according to the 
above formula (25) so that the creation of a distortion 
corrected image is performed. 
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0238 FIG. 35 is a block diagram of another variation of 
the fifth preferred embodiment of the image processing 
apparatuS. 

0239). As shown in FIG. 35, the image processing appa 
ratus 53 of the present embodiment is configured such that 
a flat-surface measuring unit (FSM) 29 is provided in 
addition to the SIAS 27 (which is provided instead of the 
ORD 25 of FIG. 29 or the SLPD 28 of FIG.32), the FSM 
29 is connected to the SIAS 27, and the SIAS 27 is 
connected to the IDC 22. 

0240. In the present embodiment, the FSM 29 measures 
a direction of the object plane when the imaging unit 11 
takes the object image from the original image. FIG. 36 is 
a block diagram of the flat surface measuring unit (FSM) 29 
in the image processing apparatus 53 of FIG. 35. As shown 
in FIG. 36, the FSM 29 generally includes a spot light 
Source 271, a photodetector 272, a 3D coordinate computing 
unit 273, and a flat surface computing unit 274. The spot 
light source 271 includes a light source 271a (for example, 
a light emitting diode or a semiconductor laser), a Scanning 
mirror 271b (for example, a polygonal mirror), and a scan 
ning mirror actuator 271c. 
0241. As shown in FIG. 36, in the FSM 29 of the present 
embodiment, the light emitted by the light source 271a is 
reflected at the scanning mirror 271b to the object plane PL. 
The actuator 271c controls the direction of the scanning 
mirror 271b so that a light spot is formed on the object plane 
PL by the reflected light beam from the scanning mirror 
271b. The photodetector 272 is provided at a given location 
relative to the spot light source 271, and the photodetector 
272 is constituted by a position sensitive detector (PSD) or 
a charge-coupled device (CCD) arranged at the given loca 
tion. A reflection light beam from the light Spot on the object 
plane PL is received at the photodetector 272, and the 
photodetector 272 detects a direction of the reflection light 
beam received from the object plane PL. 
0242 Alternatively, the above-described photodetector 
272 may be constituted by using the photoelectric conver 
Sion unit 114 of the imaging unit 11. 
0243 The 3D coordinate computing unit 273 calculates 
the 3D coordinates (X, Y, Z) of the object plane PL on the 
basis of the apparatus coordinate System of the image 
processing apparatus 53, based on the direction of the light 
beam emitted by the spot light source 271, the positional 
relationship of the spot light source 271 and the photode 
tector 272, and the detected direction of the reflection light 
beam obtained at the photodetector 272. The flat-surface 
computing unit 274 generates an estimated Surface equation 

0244 based on the calculated 3D coordinates Supplied by 
the 3D coordinate computing unit 273. The flat-surface 
computing unit 274 calculates the four parameters (a, b, c, 
d) of the Surface equation by using the least Square method. 
AS a result of the calculation, the flat-Surface computing unit 
274 generates an inclination angle (p that corresponds to the 
direction of the object plane PL in accordance with the 
following formula 

(p=cos "c (31) 

0245. In the image processing apparatus 53 of FIG. 35, 
the FSM 29 Supplies the calculated direction of the object 
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plane with respect to each of the plurality of partially 
overlapping images, to the SIAS 27. In the present embodi 
ment, the SIAS 27 is provided to automatically select one of 
the plurality of partially overlapping imageS as the Standard 
image that has the Smallest inclination angle (p among the 
plurality of partially overlapping images, based on the 
measured direction of the object plane Supplied by the FSM 
29, and it is possible to provide an improved operability for 
the user in performing the Selection of the Standard image 
from the plurality of partially overlapping images. 
0246 FIG. 37 is a block diagram of a sixth preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0247 As shown in FIG. 37, the image processing appa 
ratus 60 of the present embodiment is essentially the same 
as the image processing apparatuS 6 of FIG. 19, except that 
the Standard image automatic setting unit (SIAS) 27 is 
provided instead of the SIS 20 as in the previous embodi 
ment of FIG. 19. 

0248 FIG. 38 is a flowchart for explaining operation of 
the image processing apparatuS 60 of the present embodi 
ment. The image distortion correction processing performed 
by the image processing apparatus 60 of the present embodi 
ment is essentially the same as the image distortion correc 
tion processing performed by the image processing appara 
tus 50 which is shown in FIG. 30, except that the step S6 
performs the computation of the perspective projection 
transform matrix, and that the Step S7 generates a composite 
image on the image Surface of the Standard image So as to 
correct the image distortions in the Standard image. 
0249. In the present embodiment, the SIAS 27 is pro 
Vided to automatically Select one of the plurality of partially 
overlapping imageS as the Standard image based on the 
feature point and the matched point determined by the CD 
21, and the IC 24 performs the computation of the perspec 
tive projection transform matrix and the creation of the 
composite image. 

0250 FIG. 39 is a block diagram of a seventh preferred 
embodiment of the image processing apparatus of the inven 
tion. 

0251 AS shown in FIG. 39, the image processing appa 
ratus 70 of the present embodiment is essentially the same 
as the image processing apparatus 1 of FIG. 3, except that 
the Standard image automatic Setting unit (SIAS) 27 and a 
switching unit (SW) 45 are additionally provided. The main 
control unit (CTR) 14 controls the SIAS 27. The SIS 20 and 
the SIAS 27 are connected to inputs of the SW 45, and an 
output of the SW 45 is connected to the IDC 22. 
0252) In the present embodiment, the SW 45 is provided 
to select one of the SIS 20 and the SIAS 27 for setting of the 
Standard image among the plurality of partially overlapping 
images. FIG. 40 shows is a diagram for explaining operation 
of the Switching unit 45 in the image processing apparatus 
70 of FIG. 39. As shown in FIG. 40, the switching unit 45 
is provided with the up scroll key 201, the down scroll key 
202 and the enter key 203. When a menu key (not shown), 
which is indicated on the display unit 17, is turned ON by 
the user, the operational message “STANDARD IMAGE 
SELECTION” appears on the display unit 17 together with 
the two indicators “AUTO and “MANUAL for the users 
choice for Setting of the Standard image Setting method. By 
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using the scroll key 201 or 202, the desired standard image 
setting method is selected from the two indicators “AUTO’ 
and “MANUAL by the user, and the enter key 203 is turned 
ON. Then, either the manual setting of the standard image by 
the SIS 20 or the automatic setting of the standard image by 
the SIAS 27 is activated by the Switching unit 45 based on 
the user's Selection, and the activated one is connected to the 
IDC 22 through the Switching unit 45. 
0253 FIG. 41 shows a computer-readable storage 
medium for use in the image processing apparatus of the 
invention. As shown in FIG. 41, a computer-readable stor 
age medium 301, which Stores the program code instructions 
for causing the main control unit 14 (or the computer) of the 
image processing apparatus 1 of the present invention, may 
be used with the image processing apparatus. The program 
code instructions, Stored in the Storage medium 301, are 
provided to execute the image distortion correcting process 
ing of the invention. The program code instructions of the 
storage medium 301 are read by the main control unit 14, 
and they are loaded into the RAM of the main control unit 
14. Then, the execution of the image distortion correcting 
processing is Started by the main control unit 14. 
0254 FIG. 42 shows a computer-readable storage 
medium for use in a personal computer to which the image 
processing method of the invention is applied. 
0255 As shown in FIG. 34, the image processing method 
of the present invention is applied to a personal computer 
PC. The program code instructions for causing the CPU of 
the PC to execute the image distortion correction processing 
of the invention are stored in a computer-readable storage 
medium, which is, for example, a CD-ROM 302. The 
program code instructions of the CD-ROM 302 are read by 
the CPU of the personal computer PC by using a disk drive 
of the PC and the program code instructions are loaded into 
the RAM of the PC before a start of the execution of the 
image distortion correction processing. Then, the execution 
of the image distortion correction processing is started by 
the CPU of the personal computer PC. 
0256 Alternatively, the program code instructions, read 
from the CD-ROM 302, may be temporarily stored in a 
Secondary storage (not shown) of the personal computer PC. 
At a Start of the execution of the image distortion correction 
processing when the necessity occurs, the program code 
instructions are loaded into the RAM of the personal com 
puter PC. 
0257 The image signals, which indicate the respective 
images of the object taken by the image processing appa 
ratuS 1, are transmitted to the image memory of the personal 
computer PC via a communication port, and the image 
signals are processed by the CPU of the personal PC. 
Alternatively, the image Signals, which indicate the respec 
tive images of the object taken by the image processing 
apparatus 1, may be temporarily Stored in a Secondary 
recording medium, Such as an IC memory. When the neces 
sity occurs, the image Signals, Stored in the IC memory, are 
loaded into the image memory of the personal computer PC. 
The user on the image processing apparatus of the present 
invention sends a command to the CPU of the personal 
computer PC (or the program code instructions) by using an 
input device, Such as a mouse or a keyboard, and receives a 
message from the CPU of the personal computer PC by 
using an output device, Such as a display monitor or a 
printer. 
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0258. It should be noted that the image processing 
method and apparatus of the invention may be implemented 
in any of Several configurations. The imaging unit 11 and the 
image processing apparatuS 1 may be incorporated into a 
digital Still camera. Alternatively, the imaging unit 11 and a 
portion of the image processing apparatus 1 may be incor 
porated into a digital Still camera, and the remaining portion 
of the image processing apparatus 1 may be incorporated as 
the program code instructions Stored in a computer-readable 
Storage medium. Alternatively, the imaging unit 11 may be 
incorporated into a digital Still camera, and the image 
processing apparatus 1 may be incorporated as a personal 
computer connected to the digital Still camera or connected 
to the IC memory. 
0259 Further, when the image processing apparatus is 
divided into a block that is incorporated into a digital Still 
camera and a block that is incorporated into a separate image 
processing apparatus, an arbitrary one of various possible 
configurations of the image processing System, in which the 
image processing apparatus is divided into Such blockS 
while the manufacturing cost and the purpose of the appli 
cation are taken into consideration, can be chosen freely. 
0260 The present invention is not limited to the above 
described embodiments, and variations and modifications 
may be made without departing from the Scope of the 
present invention. For example, the respective elements of 
the image processing apparatus of the invention may be 
incorporated as the program code instructions Stored in a 
portable computer readable medium, Such as floppy disk or 
CD-RW, and, when the necessity occurs, the program code 
instructions may be loaded from the portable computer 
readable medium into the computer. Alternatively, the 
respective elements of the image processing apparatus of the 
invention may be incorporated as the program code instruc 
tions Stored in an external Storage of the computer, and when 
the necessity occurs, the program code instructions may be 
loaded from the external Storage into the computer. 
0261) Further, the present invention is based on Japanese 
priority application No. 11-375651, filed on Dec. 28, 1999, 
and Japanese priority application No. 2000-261565, filed on 
Aug. 30, 2000, the entire contents of which are hereby 
incorporated by reference. 
What is claimed is: 

1. An image processing method for correcting image 
distortions caused by oblique imaging in which an original 
image of an object on an object plane is taken from different 
oblique directions to obtain a plurality of partially overlap 
ping images, comprising the Steps of 

determining a feature point of one of the plurality of 
partially overlapping images corresponding to a com 
mon location of the original image, Shared by the 
plurality of partially overlapping images, and determin 
ing a matched point of one of the other partially 
Overlapping images corresponding to the feature point 
So that a direction of the object plane is calculated 
based on the feature point and the matched point; 

Selecting one of the plurality of partially overlapping 
imageS as a Standard image whose image distortions are 
to be corrected; and 

generating a distortion-corrected image on a projection 
plane by projecting the Standard image onto the pro 
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jection plane based on the direction of the object plane 
Such that image distortions in the Standard image are 
eliminated. 

2. The image processing method according to claim 1 
wherein in Said Selecting Step, one of the plurality of 
partially overlapping images is automatically Selected as the 
Standard based on a ratio of an area of an object region to an 
entire area of each image. 

3. The image processing method according to claim 1 
wherein in Said Selecting Step, one of the plurality of 
partially overlapping images is automatically Selected as the 
Standard based on a direction of a Straight-line pattern 
contained in each image. 

4. The image processing method according to claim 1 
wherein in Said Selecting Step, one of the plurality of 
partially overlapping images is automatically Selected as the 
Standard based on the feature point and the matched point 
determined by Said determining Step. 

5. The image processing method according to claim 1, 
wherein in Said Selecting Step, one of the plurality of 
partially overlapping images is automatically Selected as the 
Standard image based on a calculated direction of the object 
plane for each of the partially overlapping images. 

6. An image processing method for correcting image 
distortions caused by oblique imaging in which an original 
image of an object on an object plane is taken from different 
oblique directions to obtain a plurality of partially overlap 
ping images, comprising the Steps of 

determining a feature point of one of the plurality of 
partially Overlapping imageS corresponding to a com 
mon location of the original image, Shared by the 
plurality of partially overlapping images, and determin 
ing a matched point of one of the other partially 
overlapping images corresponding to the feature point 
of Said one of the plurality of partially overlapping 
images So that a direction of the object plane is calcu 
lated based on the feature point and the matched point, 

Selecting one of the plurality of partially overlapping 
imageS as a Standard image that contains a Smallest 
amount of image distortions among the plurality of 
partially overlapping images, and 

combining the other partially overlapping images, which 
are projected onto an image Surface of the Standard 
image with respect to each of the other partially over 
lapping images, So that a composite image is generated 
on the image Surface So as to correct image distortions 
in the Standard image. 

7. An image processing apparatus for correcting image 
distortions caused by oblique imaging in which an original 
image of an object on an object plane is taken from different 
oblique directions to obtain a plurality of partially overlap 
ping images, comprising: 

a correspondence detecting unit determining a feature 
point of one of the plurality of partially overlapping 
images corresponding to a common location of the 
original image, shared by the plurality of partially 
overlapping images, and determining a matched point 
of one of the other partially overlapping images corre 
sponding to the feature point of Said one of the plurality 
of partially overlapping images So that a direction of 
the object plane is calculated based on the feature point 
and the matched point, 
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a Standard image Setting unit Selecting one of the plurality 
of partially overlapping imageS as a Standard image that 
contains a Smallest amount of image distortions among 
the plurality of partially overlapping images, and 

an image composition unit combining the other partially 
Overlapping images, which are projected onto an image 
Surface of the Standard image with respect to each of 
the other partially overlapping images, So that a com 
posite image is generated on the image Surface So as to 
correct image distortions in the Standard image. 

8. The image processing apparatus according to claim 7, 
wherein Said Standard image Setting unit is configured Such 
that a user is required to Select the Standard image when 
taking the original image from one of the oblique directions, 
and wherein Said image processing apparatus further com 
prises a notification unit which notifies the user that the 
Standard image is currently taken. 

9. An image processing apparatus for correcting image 
distortions caused by oblique imaging in which an original 
image of an object on an object plane is taken from different 
oblique directions to obtain a plurality of partially overlap 
ping images, comprising: 

a correspondence detecting unit determining a feature 
point of one of the plurality of partially overlapping 
images corresponding to a common location of the 
original image, shared by the plurality of partially 
Overlapping images, and determining a matched point 
of one of the other partially overlapping images corre 
sponding to the feature point So that a direction of the 
object plane is calculated based on the feature point and 
the matched point; 

a Standard image Setting unit Selecting one of the plurality 
of partially overlapping imageS as a Standard image 
whose image distortions are to be corrected; and 

a distortion correcting unit generating a distortion-cor 
rected image on a projection plane by projecting the 
Standard image onto the projection plane based on the 
direction of the object plane Such that image distortions 
in the Standard image are eliminated. 

10. The image processing apparatus according to claim 9, 
further comprising a plurality of imaging units which 
respectively input the plurality of partially overlapping 
images that are generated by taking the original image from 
the oblique directions. 

11. The image processing apparatus according to claim 9, 
wherein Said Standard image Setting unit is configured Such 
that one of the plurality of partially overlapping images is 
automatically Selected as the Standard based on a ratio of an 
area of an object region to an entire area of each image. 

12. The image processing apparatus according to claim 9, 
wherein Said Standard image Setting unit is configured Such 
that one of the plurality of partially overlapping images is 
automatically Selected as the Standard based on a direction 
of a Straight-line pattern contained in each image. 

13. The image processing apparatus according to claim 9, 
wherein Said Standard image Setting unit is configured Such 
that one of the plurality of partially overlapping images is 
automatically Selected as the Standard based on the feature 
point and the matched point determined by Said correspon 
dence detecting unit. 

14. The image processing apparatus according to claim 9, 
wherein Said Standard image Setting unit is configured Such 
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that one of the plurality of partially overlapping images is 
automatically Selected as the Standard image based on a 
calculated direction of the object plane for each of the 
partially overlapping images. 

15. A computer-readable Storage medium Storing program 
code instructions for causing a computer to execute an 
image distortion correction processing to correct image 
distortions caused by oblique imaging in which an original 
image of an object on an object plane is taken from different 
oblique directions to obtain a plurality of partially overlap 
ping images, comprising: 

first program code means for causing the computer to 
determine a feature point of one of the plurality of 
partially overlapping images corresponding to a com 
mon location of the original image, Shared by the 
plurality of partially overlapping images, and to deter 
mine a matched point of one of the other partially 
overlapping images corresponding to the feature point 
So that a direction of the object plane is calculated 
based on the feature point and the matched point; 

Second program code means for causing the computer to 
Select one of the plurality of partially overlapping 
imageS as a Standard image whose image distortions are 
to be corrected; and 

third program code means for causing the computer to 
generate a distortion-corrected image on a projection 
plane by projecting the Standard image onto the pro 
jection plane based on the direction of the object plane 
Such that image distortions in the standard image are 
eliminated. 
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16. A computer-readable Storage medium Storing program 
code instructions for causing a computer to execute an 
image distortion correction processing to correct image 
distortions caused by oblique imaging in which an original 
image of an object on an object plane is taken from different 
oblique directions to obtain a plurality of partially overlap 
ping images, comprising: 

first program code means for causing the computer to 
determine a feature point of one of the plurality of 
partially overlapping images corresponding to a com 
mon location of the original image, Shared by the 
plurality of partially overlapping images, and to deter 
mine a matched point of one of the other partially 
Overlapping images corresponding to the feature point 
of Said one of the plurality of partially overlapping 
images So that a direction of the object plane is calcu 
lated based on the feature point and the matched point, 

Second program code means for causing the computer to 
Select one of the plurality of partially overlapping 
imageS as a Standard image that contains a Smallest 
amount of image distortions among the plurality of 
partially overlapping images, and 

third program code means for causing the computer to 
combine the other partially overlapping images, which 
are projected onto an image Surface of the Standard 
image with respect to each of the other partially over 
lapping images, So that a composite image is generated 
on the image Surface So as to correct image distortions 
in the Standard image. 
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